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Peramelcs obesula. Figs. 72, 75, 76, 77,

pp. 859, 862, 864, 871.

Perodicticus potto, Fig. 69, p. 747.

Petaurus breviceps, Figs. 75, 77, pp. 862,

871.

papuauus, Fig. 77, p. 871.

sciureus, Figs. 73, 75, 77, pp. 860,

862, 871.

Phcdanger macidatiis, Figs. 22, 24,

pp. 595, 600.

orientalis. Fig. 77, p. 871.

Philander laniger, Fig. 77, p. 871.

Pithecia satanas, Fig. 47, p. 513.

Phascolarctos cinercus, Figs. 23, 25, 26,

53, 54, 56, 58-63, pp. 548, 549, 551,

556, 558, 561, 566, 573, 574, 597,

603, 605; Pis. V., VI., p. 547.

Phascolomys ursinus, Figs. 23, 25, 26,

pp. 597, 603, 605.

Plesiogale nudipes. Fig. 33, p. 819.

Podapolipus aharonii. Fig. 41, p. 800.

Poecilictis, Fig. 17, p. 481.

Poecilogale albinucha, Figs. 30, 32,

pp. 812, 817.

PseudoeJiirus percgrinus, P). V., p. 677;

Figs. 22, 24, pp. 595, 600.

Pseiidotropheus tropheops, Figs. 2, 3,

pp. 681, 684.

Putorius ptdorius, Figs. 15, 27, 33,

pp. 477, 806, §19.

Bcma temporaria, Fig. 1, p. 494.

lilmmpliochromis macropMlmlmus,

PI. VI., p. 675.

lihinonyssoidcs trouessarti, Fig. 17,

p. 770.

Ehinonyssus novm-guinccB, Fig. 16,

p. 769.

Sagartia hides, Figs. 1-4, pp. 730, 731,

735, 736.

Sarcophilus harrisi, Figs. 70, 77, pp. 855,

871.

Spilogale putorius. Figs. 29, 36, pp. 810,

824.

Tarsius spectrum, Fig. 69, p. 747.

Tarsonemus translucens. Figs. 38-40,

pp. 798, 799.

Taxidea, Fig. IS, p. 483.

Tayra harbara, Figs. 16, 28, 31, 38,

pp. 479, 808, 815, 828.

Titanohyrax andrewsi, Fig. 6, p. 848.

ultiiKiis, Figs. 2-5, pp. 845-847.

Trichosurus vidpecula, Figs. 22, 24, 26,

55, 57, 58, 61, pp. 550, 552, 556, 566,

595, 600,605; PI. V., p. 547.

Troplims moorii. Fig. 2, p. 681.

Varamis beiigalcitsis, Figs. 1-4, pp. 488,

490-492.

Zoogeograpbical Map Caucasus aud

Western Asia, Fig. 1, p. 454.
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[New names in clarendon type. Systematic refei-ences in italics,

(z. s.L.) indicates additions to the Society's Menagerie.]

Acrida nasiita, 459.

robusta, 458.

turrita turrita, 464, 469.

Acrohates pi/gmcBa (z. s. l.), 884.

Acrotylus lomjipes, 457.

Actinia chri/sosplcnium, 734, 737, 738.

pallida, 738.

Mpypryvmus, 854, 878.

riifescens, 854, 855, 857, 872, 874.

Aiptasia (Heteractis) kicida, 737.

Ailurus, 473, 474.

fulgens, 587, 589.

Alouaita {= Mt/ce(es), 515.

caraya, 515.

AmUoiiyx, 543, 544, 811, 814, 830.

Amclcs ahjccta, 451.

Amphisbana alba (z. s. l.), 883.

Anas boscas, 609.

Aiicistrodon contoririx (z. s. l.), 884.

piscivorus (z. s. l.), 884.

Anterastes serbicus, 457.

Anthropopithecus troglodytes, 757, 758,

761.

Aonyx caj^ensis, 535, 537, 541, 542, 543,

544, 803, 830.

Aotus, 511.

felin us, 511.

Aju'osmictiis amboineusis (z. s. l.), 885.

Proc. Zool. Soc—1921.

Arctonyx, 473, 474, 803, 805, 828, 833.

Arcyptera flavicosta transcaucasia, 463,

467, 471.

• flavicosta., 469.

Jusca, 458, 470.

Ardea cocoi (z. s. l.), 885.

Astatotilapia, 680.

calliptera, 680,

Astiir leucosomus (z. s. l.), 885.

Astui'imila monogrammica (z. s. l.), 884.

Ateles, 502.

• ater, 503.

grisescens, 502, 757.

melanochir, 505.

panisciis, 505.

Aulonocara, gen. n., 726.

nyassae, sp. n., 727.

Axis porcinits (z. s. l.), 883.

Bainia, gen. n., 659.

haughtoni; sp. n., 661.

peavoti, sp. n., 659.

tigriceps (Owen), sp. n., 659.

Balearica pavoniiia (z. s. i-.), 884.

Bettongia pcniciUata, 851, 865.

Blejiliaris mendica, 467.

Bos caffer (z. a. l.), 883.

Boselaplius tragocumehts (z. s. l.), 88.

d
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Bradypus iridactylus, 561, 872.

Brunnerella mirabilis, 465, 466.

Bmiohyrax, 841.

Cacajao, 514.

calva, 614.

Callicehns, 509.

brunnea, 511.

-— inoloch, 509.

pei'sonata, 501. -

Callimenus dilatatus, 451.

Ca?j«s bengalensis, 587.

(fy^oMs (z. s. L.), 883.

CehidcB, 497, 759.

Cebus alhifro7is, 500.

apella, 502.

capucinus, 501,

fatuellus, 498, 758, 762.

hypolcucos, 501.

CcJgs variabilis carbon a?-ia, 463, 467,

471.

variabilis, 469.

Cercojjithecidcs, 759.

Cercopitkectis cethiops, 761.

•
-— patas, 757.

prcussi, 762.

tantalus, 757.

Cervus eldi (z. s. l.), 883.

fjhalcophaps stephani (z. s. l.), 885.

Charora crassivenosa, 466.

Charronia, 474, 476, 485, 530, 807, 811,

814, 816, 817, 832.

flavigula, 478.

Chilotilapia, 679.

rhoadesii, 680.

Chiromyidm, 759.

Chiromys madagascariensis, 751, 758,

760.

Chironectes, 855.

Chlamydophorus, 634.

Chrysoehraon bracliypteriis, 470.

(^is^jar, 448, 469, 470.

Chrysoela chrysosplenium, 738.

C'o6ms ^ecAe (z. s. l.), 885.

C'ognolestes obscurus, 851-882.

Colius affinis (z. s. l.), 884.

Concpatus, 474, 476, 485, 803, 811, 813,

814, 825, 827, 829, 837.

Conepatus proteus, 484, 809, 825.

Corematodus, 677.

shiranus, 677.

Crotalus horridus (z. s. l.), 884.

OuculUgera maciilinervis, 459.

Cucidus canorus, 886.

Cuscus maculatus, 866.

Cyncslurus jiibatus (z. s, l.), 883.

Cynotilapia afra, 684.

Cyrtocara, 722.

annectens, sp. n., 723.

—— onoorii, 724.

venusta, 722.

BasyuridiB, 851, 858, 869, 877.

Basyurus macrurus, 866.

viverrimis, 851, 854, 857, 866,

871,874, 877.

Becticiis verrucivoriis schugurovi, 469.

verrucivoriis, 4,55, 470, 471.

Bendrolagus, 853, 854, 857, 859, 869,

880.

bennetti, 851, 862, 863, 867, 869.

dorianus, 852, 853, 860, 869.— inustus, 863, 869.

ursinus, 851-882.

Bcrocorys roseipiennis lazurcscciis, 465,

467.

roseipennis, 467.

Dicynodon andrewsi, pp. n., 650.

curtus, sp. n., 654.

ictinops, sp. n., 656.

macrorhynchus, sp. n., 657.

osborni, sp. n., 651.

soUasi, sp. n., 048.

watsoni, sp. n., 653.

-woodwardi, sp. n., 655,

Bidelphyidce, 851, 854, 858, 877.

Bidelphys, 851, 852, 856, 861, 870,

877.

alhiventris, 851.

azarcB, 851, 852, 854, 857, 870.

874.

raarsupialis, 851, 854, 857, 870,

874.

virginiana, 863, 868.

Binothcrium giganieum, 525.

nmti, 526.



INDEX.

Biprotodon, 600.

Diprotodonda, '858, 868, S7S.

Bocimodus, 721.

johnstoni, 722.

Bolicho'poda euxina, 459.

Borcopsis luctuona, 857.

Bryrnadusa curvicercis, 459.

grisea, 465, 466.

l-onowi, 459, 466.

rectieauda, 459.

spectabilis, 459.

Buronia, 452..

fracta fracta, 467.

kalmyl^a, 467.

Emjyusa, pennicomis, 459, 462.

Emydops parvus, sp. n., 669.

Emydopsis, gen. n., 666.

longus, sjD. u., 667.

sciuroides, sp. n., 668.

trigoniceps, sp. n., 666.

Emydura novcB-guinece (z. s. l.), 885.

Emyduranus platyops, gen. et

sp. n., 670.

Endothiodon crassus, sp. n., 672.

Enhydris, 473.

Eosimops newtoni. gen. et sp. n.,

663.

Epacromia tergestina, 469.

Eremiaphila genei, 458.

2}ersica, 464, 467.

Eudocimics ruber (z. s. l.), 885.

Eulaheornis casfaneiventris (z. s. l.),

885.

Eurysiomus crassiroscris (z. s. l.), 885.

Eiixenura maguari (z. s. l.), 885.

i''e?2S bengalensis (z. s. l.), 884.

^eo (z. s. L.), 644, 883.

• pardus (z. s. l.), 884,

served (z. s. l.), 884.

tigris (z. s. l.), 883.

Fischcria baltica, 467.

baeiica, 451.

Galagidce, 759.

Galago, 763.

crassicaudata, 750,

Galago malioli (z. s. l.), 887.

Cra^e, 807, 811-814, 818, 832.

africana, 8\7

.

nivalis, 807, 817.

Galcra, 473, 476, 803.

barbara (z .s. l.), 883.

Gampsocleis rectieauda, 457.

schellcovniliovtB, 455.

Gazella subgiitturosa (z. s. l.), 884.

GfcA-o viitaius (z. s. i<.), 885.

Gelastorrhinus, 452.

sagitta, AHI

.

Geniohyus, 841, 850.

Geomaiitis larvoides, 457.

Gompliocerus cat(.casicus, 458.

maculatus, 467.

sibiricus, 448, 458, 470.

variegattm, 453.

G'orzY^a. gorilla, 757, 758, 760, 765.

beriiigeri, 643.

matschiei, 643.

Gratidia bituberculata, 465.

ffmojj, 473, 474, 476, 803, 807, 811,

820, 827, 835.

>r«.r, 807, 813-816.

Grisonella, 480, 482, 484, 485, 807, 813,

814, 816, 829, 835.

Grisoninae, subfam. n., 835.

Gryllodes odious, 469.

Gryllus domesticus, 448.

frontalis, 458.

hebrcBUs, 458.

lateralis, 451, 462.

tartarus ohscurus, 458.

{Gryllodes') Jcerl^ennensis, 451.

G'«/o, 473, 474, 476, 478, 480, 485, 803,

805, 811, 813, 814, 820, 822, 827,

828, 833.

gulo, 478, 539.

Guloniiics, 833.

Gymnopus, 818.

Gypagus papa (z. s. l,), 644,

Hapale, 517.

jacchus, 517, 758.

penicillata, 519.

joy^»i<sa, 519.

Hapalemur^ 763, 766, 767-
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Hapalidw, 517, 759, 766, 767.

Haplochramis, 685.

argyrosoma, sp. n., 713.

atritaeniatus, sp. n., 711.

auritus, sp. n., 699.

breviceps, sp. n., 694.

brevis, 709.

ccerulcus. 712.

-chrysonotus, 702.

comj^ressiceps, 717.

dimidiatus, 698.

ericotaenia, sp. n.^ *01.

eucinostomus, sp. n., 716.

fuscotaeniatus, sp. n., 696.

guentheri, sp. n., 707.—- holotaenia, sp. n., 697.

iniermedius, 701.

johnstoni, 691.

UrUi, 693.

laieri&triga, 705.

lepturus, sp. n., 709.

leuciscus, sp. n., 714.

^ livingstonii, 688.

longipes, sp. n., 712.

macrochir, sp. u., 712.

macrophthalmus, 714.

tnacrorh5nich.us, sp. n., 717.

macrostoma, sp. n., 719.

- — maculimanus, sp. n., 689.

melanonotus, sp. n., 708.

melanotaenia, sp. n., 706.

micrentodon, sp. n., 715.

microstoma, sp. n., 695.

modestns, 701.

nototcenia, 709.

ornatus, sp. n., 691.

—— placodon, sp. n., 700.

plagiotaenia, sp. h., 706.

polystigma, sp. n., 688.

praeorbitalis, sp. n., 717.

quadrimaculatus, sp. n., 703.

rJioadesii, 710.

rostratus, 718.

sexfasciatus, sp. n., 692.

similis, sp. n., 693.

simulans, sp. n., 689.

sphaerodon, sp. n., 703.

spilorhynchus, sp. n., 711.

Haplochromis strigatus, sp. n., 697.

subocularis, 690.

tetrastigma, 699.

urotaenia, sp. n., 695.

woodi, sp. 11., 702.

HelictidincB, 831.,

Helictis, 473, 474, 476, 484, 803, 831.

everettii, 480.

B.elio'pteryx kumeralis,A5^, 466.

Helioscirtus moseri moseri, 467.

tichomirovi, 465, 467.

Hemigalago demidoffi, 7-50.

Hemitilajna, 677.

oxyrhi/nchus, 677.

Hierodula, 452.

Hierofalco ca7idicans (z. s. Ti.), 884.

Homo, 757, 760, 761.

rhodesiensis, sp. n., 887.

Hymna cronota (z. s. l,), 884.

Hyalorrhipis clausi, 469.

Hydrictis, 544, 813, 830.

Hylobates lm\ 1b1.

Hypdprymnodon, 607.

Hyrax capeiisis (z. s. l), 884.

Ihis atMopica (z. s. l.), 884.

Ictonycliin(B, 835.

Monyx, 474, 476, 482, 485.

{Zorilla), 803, 807, 811, 813, 814,

820-822, 828, 835.

Indris hrevicaudatus, 746.

Isophya adekmgi, 462, 463, 467.

acuminata, 459, 462.

amplipennis, 462.

bivittata, 463.

jmveli, 457.

poltoratskyi, 459.

pyrenma, 462, 463.

rodsjaiikoi, 459.

schmidti, 467.

Jaculus jactihis, 645.

jacuhis (z. s. l:), 883.

orientalis, 645.

orientalis (z. s. l.), 883.

Kolonakus, 832.

Kurdia nesterovi, 459,



Lagothrix, 506.

humboldli, 509.

infurnatus, 506.

Lamellipalpodes, gen. n., 579,

584.

annandalei, sp. n., 5S4,

Lamellipalpus, gen. n., 579.

^— nigripennis, 680.

Lasiorhinvs latifrons, 598.

Latax, 831.

Lataxinae, nom. no v., 830.

Lemur, 742, 758, 766.

catta, 743, 758.

fulvus, 743.

rufifrons, 743.

oiiacaco, 743.

melanocephcda, 743.

mongoz, 743.

ruhriventer, 743.

varius, 743.

Lemuridm, 742, 759.

Leontoceb'us, 520.

rosalia, 520.

Lejndosiren, 495.

Leptophyes albcvittata, 467.

punctatissima, 448, 453.

Leptoptilus erumeniferus (z. s. l.), 884.

Leptoternis gracilis, 467.

Lepus canopus (z. s. l.), 885.

Lethrinops, gen. n., 719.

albus, sp. n., 719.

leptodon, sp. n., 721.

lethrinus, 720.

macrorhynchus, sp. n., 720.

Limnodynastes peronii, 493.

lAogryllus bimaculatus, 452.

Lipo7iyssuSi 773.

aethiopicus, sp. n., 774, 783.

arcuatus, 774.

bacofi, 775.

biscutatus, sp. n., 774, 779.

blcmchardi, 774, 787.

iiwvsa, 775.

carnifex, 774.

chiropteralis, nom. nov., 773,

776.

confucianus, nom. nov., 774,

789.

Liponyssus creightoni, 774.

ellipticus, 774, 795.

flavufi, 774, 791.

grmmlostis, 77'i, 794.

Javensis, 774.

lacertinus, 775.

liberiensis, 774.

longimamis, 796.—- macedonicus, sp. n., 774, 789.

madagascariensis, sp. n., 774,

780.

natricis, 773, 775.

nyass3B, sp. n., 773, 777.

saurarum, 775.

sciurinus, sp. n., 774, 785.

scrpentium, 773.

silviarum, lib.

sternalis, sp. n., 774, 781.

viator, sp. n., 773, 775.

Locu&ta caudata caudata, 455, 470.

holenatii, 458.

Loris gracilis, 748.

Lorisidee, 747, 759.

Luira, 473, 476, 478, 484, 544, 803, 811,

813, 827, 828, 830.

baraiig, 479.

cinerea, 479, 535, 537, 539, 541.

hitra, 474, 535, 537, 539, 541.

maculicollis, 479, 535, 537, 541.

Lutrcola, 818, 832.

LutrincB, 830.

Lyncodon, 474, 482, 539, 804, 814, 822,
'

827, 836.

Lyncodontinae, subfam. n., 836.

Macacus leoninus (z. s. l.), 883.

Ma.eropodid(B, 851, 853, 854, 871, 878.

Macropus, 851, 853, 854, 857, 865, 869,

878.

bemietti, 851, 856, 865, 866, 867,

872, 874.

giganteus, 851-882.

giganteus (z. s. l.), 884.

melanops, 851.

rufus, 851, 852, 853, 868.

rufus (z. s. I/.), 884.

Marmosa, 851, 877.
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Marmoset elegcms, 851, 854, 857, 867,

870, 877. .

Martes, 473, 474, 476, 803, 805, 809,

811-814, 816, 817, 820, 822, 827,

832.

foina, 478, 480, 485, 816.

martes, 478, 480, 485, 816.

MartincB, 832.

Masama rufa (z. s. l.), 885.

Meconemathcdassinum, 448, 471.

Mecostethus gross2is, 448, 470.

Medecticus assimilis, 458.

Megcdixalus fornasinii (z. s. l.), 884.

MegalohyrcuT, 839, 841, 844.

eoccsnus, 840, 841.

minor, 840, 842.

niloticus, 840, 843.

2mlceotherioides, 844.

pygmaeus, sp. n., 840, 843.

sidllus, 840, 843.

Meles, 473, 474, 476, 478, 480, 481,

482, 485, 803, 805, 809, 811, 813,

814,822-829,833.

meles, 478, 587, 590. , „

MelincB, 803, 833.

MeUivora, 473, 474, 476, 481, 482, 485,

803, 805, 809. 814. 825, 827, 828,

835.

Mellivorinm, 834.

Melogale, 811, 813, 81^, 823, 824, 831.

personata, 805, 809, 811, 822.

Melursus ursinus (z. s. l.), 644.

MephidiKS, 836.

Mephitis, 473, 474, 476, 480, 484, 485,

803, 809, 811, 813, 814. 825, 827,

829, 837.

Metachirus, 851, 853, 877.

opossum, 851-882.

Metridium, 730.

senilis, 12iJ.

Microcchus murinus, 746, 766.

Mitua salvini (z. s. l.), 887.

Mixohyrax, 839, 841, 843.

Maritherium,_ 632, 533.

Muntiacus muntjack (z. s. l.), 883.

Mustela, 473, 474, 476, 484, 893, 807,

812, 814, 816, 821, 822, 827, 828,

832.

Mustela africana, 480.

erminea, 480.

hiheroiica, 480.

nivalis, 480.

Mustelidce, 473, 803.

Mustelines, SO'5, 832

MydaincB, 834,

Mydaus, 473, 474, 484, 803, 809, 811,

814, 826, 834.

MyrraecopMla ochracea, 455. •

Mystax, 521.

mystax, 522.

ursulus, 521, 758.

Nemohius heydeni, 462.

tartarus, 455, 463.

Neogale, 820.

Neonyssus, gen. n,, 771.

intermedius, sp. n., 771.

Nocarodes rimansonce, 463.

schelkovniJcovi, 465.

serricoUis, 451, 455, 459.

woronowi, 465.

NiLmida meleagris (z. s. l.), 884.

Nyctea scandiaca (z. s. l.), 887.

JSycticehus tardigradus, 747.

Octodon, 852.

(Edaleus mloJcosiewitcM, 458.

G^dipoda caucasica, 469.

schochi, 451.

schochi, 459.

CEdipomidas, 523.

(Edipus, 523.

Olynthoscelis annulvpes, 459.

chahrieri, 457.

. distincta, 463.

fallax, 463.

grisea, 458.

griseoa'ptera, 470.

indistincta, 459, 467.

kurda, 459.

prasina, 457.

punctifrons. 461.

satunini, 452, 465, 466.

signata, 457, 459.

s'eSra, 459.



Onychogale lunata, 851, 856, 857, 863,

869.

Ornithorhi/nch'us, 887.

Orphania sciiiata sacharovl, 455.

Otopharynx, 678.

auromarginatus. 678.

selenurus, sp. n., 679.

Ourehia montana. (z. s. l.}, 885

Ovis orientalis (z. s. l.), 884.

Oxythespis wagnerl, 467.

Palcsomastodon, 533.

Palamydops platysoma; gen. et

sp. n., 665.

Fallasiella bolivari, 466.

truchmana, 458.

Pamphagus brunneinanus, 459.

yersini, 459.

Papio, 762.

Paracaloptenus caloptenoides, 457.

Paradrymadusa beckcri, 455.

• bocqwUloni, 452, 465.

iongipes, 46b.

pasiuchovi, 452, 465.

persa, 4.52, 465,

satunini, 465.

sorffc/fa, 451. 459, 462, 467.

Paraonyx, 544, 811,

Parapleurus aHictccus, 458, 464, 470.

Paratdranychus, 801.

trinitatis, sp. n., 801.

Paratettix maridionalis, 462.

Peragalc lagotis, 855, 864.

Porameles, 853, 856, 877.

lagotis, 871.

nasuta, 870.

ohesula, 851-882.

PeramelidcB, 851, 854, 855, 869, 877.

Perodiciicus potto (z. s. l.), 887.

^oifi^o, 749, 758.

Petaurus australis, 851, 866.

brcviceps, 851, 862, 865, 866, 869,

872.

papuajius, 851, 154, 857,

865, 869, 872.

sciureus, 851-874.

Petrogalc penicillata, 852.

xantho]ms, 852, 853.

Pezotettix giornai, 453.

ruguloxi, 459.

Phacoclimrus cethioincus (z. s. L.), 885.

Phalange); 594, 596, 599, 601, 604,

606, 879.

maculatus, 598.

orientalis, 851, 856, 8.57, 869,

872.

PhalangcridcB, 851, 853, 878.

Phascogale, 866.

PliascolarctidcB, 879.

Phascolarctos, 591, 594, 596, 598, 599,

601, 602, 694-606, 879.

cinerous, 547, 553, 559, 560, 563,

565, 567-569, 572, 852-880.

Phascolomys, 596, 598, 599, 601, 602,

604, 606, 854, 855, 870.

mitchelli, 565, 866, 870..

ursinus, 594, 696.

Philander, 851, 877.

lanigcr, 851, 852, 854, 857, 870,

874.

Phonochorion saiunini, 459.

Phrynosoma regale (z. s.l.), 887.

Pithecia, 512.

monachus, 514.

satanas, 512, 762.

Platyclcis bicolor, 471.

burn, 467.

capitaia, 464.

daghestanica, 445.

decticiformis, 457.

escalevai, 458.

/iisca, 455.

grisea, 467.

iljenskii, 471.

montana, 469.

nigrosignata, 4c51.

persica, 452, 465, 466.

roeseli, 470.

schereri, 457.

squamiptcra, 459, 466.

truncata, 457,

t)i«a/«, 463, 467.

weseli,4:71.

Platypterna tibialis, 467.

Plesiogale, 805, 812-814, 820, 832.

uudipes, 805, 813.
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Plesiogale strigidorsa, 818.

Podapolipus, 800.

aharonii, sp. n., 800.

Podisma koenigi. 463.

pedestris, 448, 470.

Pcecilictis, 473, 474, 476, 482, 485, 813,

814, 820, 821, 835.

Pmcilimon bosjjhoi-icus, 462, 467.

• concinnus, 459.

distinctus, 462, 463, 467.

hutahiensis, 459.

siniiiis, 455.

syriacus, 459.

tschorochensis, 459.

Pmcilimonella derjugini, 459.

Poecilogale, 474, 480, 813, 814, 820.

Poliopsar nemoricola (z. s. l.). 885.

Polgprotodontia, 857, 877.

Potos caudimlmd'us (z. s. l.), 883.

Presbytes, 762.

Procyoii cancrivoi'us (z. s. l.), 885.

Protopterus, 495.

PscudocMrus, 594, 599, 601, 602, 604,

606, 854, 870.

—— percgrbms, 554, 557, 596, 851,

857, 868, 872, 874.

Pseudotropheus, gen. n., 681.

mcratus, 693.

novemfasciatus, sp. n., 683.

tropheops, sp. n., 683.

williamsi, 682.

zebra, 682.

Psophus stridulus, 448, 453, 470.

Ptiloims aurantiifrons (z. s. l.), 885.

Putorius, 480, 484, 803, 807. 811, 812,

814, 827, 832.

./wro, 480, 817.

nigripcs, 817.

puiorius, 480, 817.

Pyrgodera armata, 458, 466.

Pyrgomorpha, 452.

Eana tcmporaria, 493.

Eattus vociferans (z. s. l.), 884.

Ehabdogale \^-= letonyx'], 473.

Rhamphochromis, gen. u., 724.

csox, 726.

-— ferox, sp. n., 725.

Rhamphochromis lept osoma,
sp. n., 726.

longicepa, 724.

macropMhalinus, sp. n.,

725.

-— woodi, sp. n., 725.

Ehinoceros sondaicus, 643.

Rhinonyssoides, gen. n., 770.

trouessarti, sp. n., 770.

Rhinonyssus novae-guineae,

sp. 11., 769.

Saga cap)2}adocica, 459.

Sagartia lucics, 729.

pustidata, 733.

Saghatherium, 843.

Scdmiris, 509.

sciurea, 509.

Sarcophihis, 605, 854, 856, 877.

harrisi, 851, 852, 854, 857, 859,

874.

&wa pcdo, 469.

Scarturus teti-adactylus, 645.

tetradactyhis (z. s. l.), 883.

Schistocerca peregrina, 467.

Scintharista brunncri, 465, 467.

Selenidera macidirostris (z. s. l.), 644.

Serranochromis, 685.

thumbergii, 685.

Sialia sialis (z. s. l.), 884.

5m«a scdyrus, 758, 759, 761, 765, 766.

Simiides, 759.

Sphingonotus balteatus, 458.

Sphodromcrus, 452.

ccelosyriensis, 459.

ser'ajns, 467.

Spilogcde, 474, 476, 485, 803, 899, 811,

813, 814, 815, 837.

Spisixus canifrons (z. s. l.), 885.

Siaicronot'us anatolicus, 458.

brevicoUis, 457, 469.

hauensteini, 451.

kraussi, 469.

Icurda, 459.

Steganura jjaradisca vorreauxi (z. s. l.),

884.

Stenobothrus apricarius, 458, 470.
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Stenobothrus fischert, 458.

hcemorrhoidalis, 458, 469. 470.

lineatus, 463.

macrocerus, 458, 464.

nigromacidatus, 453. 458, 470.

parcdlelus, 467.

peircBUS, 467.

jmlviiirdas, 458.

scalaris, 453, 458, 470.

simplex, 458.

ventralis, 453, 470.

viridulus, 448, 470

.

werneri fvh-idcnko/, 471.

Strixflammcu, 635.

Struthio camelus (z. s. l.), 884.

Si/mphafavffus ."yndactylus, 759.

Talegalliisfuscirostris (z. s. l.), 885.

Tanumdua fetradactyla, 856, 874.

Tapirus indicus (z. s. l.), 884.

Tarsiidcs, 759.

Tarsipes, 607.

Tarsills, 886.

specirmn, 753, 758, 760, 767.

Ttirsonemidce, 797.

Tarsoiicmus translucens, 797.

Taxidea, 473, 474, 476, 482, 485, 803,

805, 807, 8l'l, 813, S14, 821, 825,

827, 829, 835.

TaxidiincB, 835.

Tmjra{=Galera), 476, 480, 485, 803,

811, 813, 814, 715, 416, 827, 833.

barbara,ilS, 807, 811.

Tayrinae, subfam. n., 833.

Testudo ihera, 645.

leithii, 645.

Tetrabelodoii caigustidens, 633.

TetranychidcB, 801

.

Tettix bipunctata, 470.

deiwessa, 462.

subulatu, 470.

Thalpomena ledercri, 459, 462.

pcvs'x, 465.

n., 839, 841

845, 847.

Thylacinus, 605, £66.

Tilupia, 076.

melanopleura, 677.

i/iossambica, 677.

sliirana, 677.

.•iquaiuipiiinis, 677.

Titanohyrax, gen.

844.

andrewsi, sp. n.

palcBulherioides, 845, 847.

schlosseri, nom. n., 844, 847.

ultimus, sp. n., 844, 845.

Tmethis bilobus, 459.

carinatus, 459, 465.

c'iV/, 459.

escherichi, 459.

lidtzi, 459.

persa, 465.

mu7-icatus, 499.

zaitzevi, 463.

TragelapJius scripfus (z. s. l.), 884.

Trichosurus, 59(>, 602, 694-606, 854,

866, 879.

vulpecula, 547, 549, 553, 554, 557,

559, 563, 564, 567, 569, 852-880.

Tridactyliis tartarus, 469.

Trinchus schrenJci, 466.

Troglophilus escalerai, 459.

Tropidcmchen, 452.

Tropid.opola cylindrica, 452.

Urticina felina, 737.

Varaims arenarius, 487.

beiigalensis, 487.

exanihematicus, 487.

griscus, 487.

niloticus, 417.

Vormela, 474, 484, 803, 832.

Zorillu [_= Ictonyx^, 803.
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Introditction.

In 1913 I undertook the systematic study of the Orthopteran
fauna of the Caucasus and neighbouring countries (Asia Minor^
Armenia, Northern Persia), based on the large collections of the-

Caucasian Museum in Tiflis and literary sources, as well as upon
my own investigations in Northern Caucasus (in 1911-1914)
and in Transcaucasia (in 1915-1919). This work offered great
difficulties, as our knowledge concerning the systematic and
geographical distribution of the Orthoptera, and those of Western
Asia in particular, is as yet very incomplete. Besides, the war
deprived me of the possibility of referring to Western European
scientific centi-es and of obtaining from them the necessary
literature and information. The materials which I have had
before me, though not very extensi-ve, give different impressions
concerning the faunas of different districts, and some of the latter

are still awaiting more careful investigation. I think, however,
that it would be of some use for these future investigations if I
gave a short summary of the chief zoogeographical results I have
gained from my studies, incomplete and insufficient though they

* Communicated by S. A. Neave, F.Z.S.

Proc. ZooL. See—j921,No. XXXI. 31
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may be. I hope these results will be of interest to every zoo-

geographist studying the distribution of animals in the southern

parts of the Palsearctic region.

Before investigating more minutely the distribution of

Orthoptera in the territory under consideration, it is necessary

to give some information concerning the zoogeographical division

of the Palsearctic region based on my studies of this group, for

this division differs in some respects from those of other authors

founded on the distribution of other animal groups.

The subregions into which the Palsearctic region may be divided

are four in number : Boreal, Steppe, Mediterranean, and Eremian.

The chief characteristics of these are as follows :
—

The Boreal subregion includes the whole zone of the forests of

Northern Europe and Asia, but some representatives of its

characteristic Orthopteran favina penetrate farther on north-

wards—into the zone of the Arctic tundi'as which has not its own
Orthopteran fauna. The Orthopteran fauna of the Boreal sub-

region is very poor, both in species and in specimens ; the

sviborders Mantodea and Phasmodea are entirely absent from it,

and of the Gryllodea we only find the Gryllus domestictis here.

As leading characteristics of Boreal fauna should be regarded :

Chrysochraon dispa7; Stenohothrus viridulus, Gomphocerus sibiricus,

Mecostethus grossiis, Psop/ms stridulus, and Podismajjedestris from
Acridiodea, and Leptofliyes ptunctatissima^ Meconema thalassinum,

and Olynthoscelis griseoaptera from Locustodea.

The great distance between, our country and the Boreal sub-

region causes the Boreal fauna to be of very little importance in

the composition of our fauna. Nevertheless, in some districts

of the Caucasus, as we shall see later on, the influence of the

Boreal fauna is rather striking : in some mountainous districts

we may find the typical boreal species, which are, at the same
time, absent from the intermediate areas between the Caucasus
;and the Boreal subregion. These species with such discontinuous

range of distribution are of great importance to the history of

the fauna of the Caucasian mountains, as they give us a. hint con-

cerning the former contact of this fauna with that of the Boieal

subregion ; later on this contact was interrupted, but the cause

of this interruption is still unknown to us with certainty; we
can only suppose that this immediate connection between the

Orthopteran faunas of the Caucasus and of the Boreal subregion
took place during the Glacial period, and ceased after this period

had given place to a warmer and drier one, when the Boreal

elements of the fauna retreated to the North, leaving a few
relics in the high mountainous districts of the Caucasus.

The Orthopteran fauna of the Steppe subregion is rather I'ich

and includes many typical forms. The most important character

of this fauna is the joresence of a large number of species of the

genus Stenohothrus. The Steppe fauna in Europe shows dis-

tinctly marked affinities with the Siberian, and we should suppose
that its representatives have migrated into Europe from Asia.
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The Steppe fauna penetrates into our country through the
steppes of JSTorth-westei-n Caucasus, which belong to the Steppe
subregion, and through Daghestan some of its elements reach

Transcaucasia, as well as the mountainous districts of Caucasus
Minor, Armenia, Kurdistan, and Anatolia as far as the northern
limits of the Eremian subregion. On the other hand, the
Steppe fauna also penetrates into Anatolia through the Balkan
Peninsula. It is evident that the influence of this fauna on the
fauna of our country must be very great, and so it is, as we shall

see later on.

The Mediterranean subregion comprises the north-westeiii

mountainous extremity of Africa (Morocco, Algeria, and Tunis

—

but the mountains only and not the plains, which belong to the
Eremian subr-egion), Spain, the southern coast of I'rance, Italy,

the shores of the Adriatic Sea, the Balkan Peninsula south of

the Balkan Mountains, the islands of the Mediterranean Sea, and
Anatolia. The Mediterranean fauna of Orthoptera is extremely
rich, including about 16 Mantoclea, 7 Phasmodea, 162 Acridiodea,

317 Locustodea, and 62 Gryllodea. Besides its richness this

fauna is remarkable for a large number of peculiar species : out

of 564 species which are known of it, 424 or 75 per cent, are

•endemic. Some large families of Locustodea have their centre

of development and distribution here, for example Sagidae,

Decticidse, Bradyporidse, and, partly, Phaneropteridte.

The more detailed study of the Mediterranean fauna allows us

to conclude that it may be divided into two very distinct groups

of species: Western and Eastern. The first has its centre in

Sj^ain and North-western Africa, from Avhere its repi'esentatives

disperse to the East and North-east ; Avhile the second flourishes

in the southern part of the Balkan Peninsula and in adjacent

parts of Anatolia, sending its migrants into north-western,

northern, north-eastern (into the Steppe subregion), a,nd eastern

directions. According to this distinction of the faunas we may
divide the Mediterranean subregion into two zoogeographical

provinces—Western or Tyrrhenian and Eastern or Balkano-

Anatolian. The T3^rrhenian fauna is of no importance to us, as

it cannot infl.uence the composition of the fauna of the Caucasus,

but of much greater value is the Balka no-Anatolian fauna. This

fauna is very rich and has many characteristic points : here

vve find exceedingly rich development of endemic Sagida>, of

apterous Phanei'opteridas {Isophya, Fcfcillmon)^ of the genera

Platycleis, Ohjntlwscelis^ Drymadusa, Dol%clioj)oda; some species

of Stenohothrus and the genera Nocarodes (Mifch six species) and

Callimenus (with two species) are peculiar to it.

The Balkano-Anatolian fauna occupies the greatest part of the

country which Ave are now studying. Through Asia jVIinor,

Avhich belongs entirely to this zoogeographical province, through

Armenia, and along the southei-n and eastern shores ot tlie I-?lack

Sea, the Balkano-Anatolian fauna penetrates into the forest

•districts of Transcaucasia, giving place to the Eremian fauna in

31*
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the desert plains of Eastern Transcaucasia and in the dry rocky

districts of Persia ; we meet it again on tlie southern shore of the

Caspian Sea—in the district of Talysh, which is remarkable for

its wet subtropical climate. Some typical Balkano-Anatolian

fannistic elements also reach the Caucasus from the north,

wandering from their native home along the western and northern

shores of the Black Sea ^through the adjacent steppes of South

Russia.

To the south of the Mediterranean subregion lies the vast

Eremian subregion, which includes all the deserts of North

Africa (Sahara, Libyan desert, Egypt), Sinai peninsula. Northern

Arabia, Mesopotamia, Persia-, the whole of the Aralo-Caspian

impression; perhaps, also, the great deserts of Chinese Turkestan

and Mongolia,, the Orthopteran fauna of which is but little

investigated as yet, belong to it. The Orthopteran fauna of the

Eremian subregion has many peculiarities if compared with the

Mediterranean, and I cannot agree with most of the zoogeo-

graphists* who usually unite them together. In support of my
opinion I give the following table :

—

Mediterraneanfauna.

Total number of species

Number of species wbicb do not pene-

trate into tbe Eremian subregion ...

Endemics
Percentage of endemism
Common with the Eremian subregion

Eremianfauna.

Total number of species

Number of species which do not pene-

trate into the Mediterranean sub-

region

Endemics
Percentage of endemism

16

7
7

56 o/o ' 100 %
7

53

46
42

790/0

9

9

100 "A

162

130
108

67 Vn
32

137

105
99

72%

317

299
259
82 "/o

18

45

27
24

53"/o

62

51
41

66"/

12

31

19
16

51%

564

424

69

275

206
190

70%

It is evident fi'om this table that the affinity between the-

Eremian and the Mediterranean faunas is restricted to 69 species

only. Out of these we must, however, not take into consider-

ation 48 very widely distributed species (such as Paratettix

tneridionalis., Acrotyht^s insuhricibs, Conocephahts niiichihcs, etc.) and

10 species with great power of flj'ing, which may have wandered
from one subregion to another in recent times ; there are, there-

fore, only 11 species common to the Eremian and Mediterxanean

* W. L. Sclater was the first who recognised the difference between tlie Eremian
and his •' Europasian " (Boreal -t-Stepi)e + Mediterranean) subregions, but he-

included in it the whole of Northern Africa, the western part of which (Morocco^

Algeria, and Tunis) must be united with the Mediterranean subregion.
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faunas, i. e. but 4 per cent, of the second and less than 2 pei- cent,

of the first of these. These eleven species are as follows :

Fischeria hceiica, Ameles ahjecta, Stcmronoius haiiensteini, (Edipoda

schochi, Nocarodes serricollis, CcdUmenus dilatatus, Paradrymadusa
sordida, Olynthocelis jnmctifrovs^ Isopliya tricmgidaris, Gryllus

{Gryllodes)ker]iennensis, and Gr. lateralis. Only two of them (both

species of Gryllus) may be considered as having originated in the

Eremian subregion, and they ai'e both to be found in the

Mediterranean isubregion (in Spain, in Transcaucasia) in prox-

imity to its southern boundaries and on spots with clearly defined

desert soil and vegetation ; we have the right to believe them to

be comparatively recent invadeis from the deserts of the Eremian
subregion. The remaining nine species are of Balkano-Anatolian
origin and do not penetrate deeply into the Eremian subregion,

being restricted to its northern mountainous parts with mixed
fauna. The relationship of the Mediterranean and of tlie

Eremian faunas is, consequently, practically absent. On the

contrary, the same table shows us that the difl'erence between
them is a very striking one ; 496 species (out of the whole
number 564) of Mediterranean Orthoptera do not reach the

Eremia,n subregion, and 206 Eremian species (out of 275) do not

go through the northern boundaiy of this subregion into the

Mediterranean, This difference is not numerical only ; the family

Orthoderidse is peculiar to the Eremian subregion"*, where
there are 35 species belonging to it ; the family Painphagidfe is

represented in the Mediteri-anea.n subregion by 52 species, of

which only five penetrate into the neighbouring parts of the

Eremian subregion ; the family Phaneropteridfe has more than
80 Mediterranean representatives, and only three of them are to

be found among the Eremian fauna ; two families of Locustodea

—

Ephippigeriflfe (85 species) and Meconematidte (4 species)—and
three of Gryllodea.—Gryllomorphidse (7 species), Myrmecophilidje

(4 species), and Mogisoplistidse (6 sjiecies), which are very im-

portant in characterising the Mediterranean fauna., do not extend

into the Eremian subregion at all. The generic and sjoecific

differences between these two faunas are yet more considerable,

but I shall not go into details here, as I suppose the above
mentioned facts are sufficient to support my statement that the^

Eremian subregion is of the same zoogeographical value as the

Mediterranean t.

There are only two provinces of the large Eremian subregion

which are particularly interesting to us : the Iranian and the

* With but one exception

—

Geomantis larvoides—which is Mediterranean

endemic.

t I even suppose that, when studying the distribution of Orthoptera, we are right

in considering the Eremian subregion of the same vahie as the whole Palsearctic

region : this problem is, however, too great a one to be discussed here, and I hope

to return to it at some other time ; I am supported in mj' supposition bj' the state-

ments of Mr. A. Birula, who, after his studies of the distribution of scorpions,

made an Africano-Asiatic region nearly with the same limits as my Eremian
subregion (see A. A. Bialynicki-Birula, Arachnoidea j^rthrogastra Caucasica, Pars I.

Scorpiones.—Memoires du Musee du Caucase, s6r. A, N. 5, 1917).
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Turauian. The first of these has some peculiarities in its fauna

which ai^e of the greatest interest and value : there are among
the rather numerous endemics of the Iranian fauna some very

ancient forms {^Paradrymadusa hocqidlloni, F.persa, P. pastuchovi,.

D-opidauchen, Platycleis persica, Olynthoscelis saticnini, etc.),

which belong to the groups characteristic of the Balkano-

Anatolian province of the Mediterranean subregion. The presence

of these species in the Iranian fauna allows us to conclude that

this fauna was in some ancient time in close connection with the

Balkano-Anatolian fauna, but afterwards (from the beginning

of the di-y climatic period in Iranian table-lands) this connection

was interrupted, and the further development of the Balkano-

Anatolian and of the Iranian fauna went in different directions ;

the remnants of the "Ancient Mediterranean" fauna in Iran

partially died out, partially adapted themselves to the new
conditions of life (the " desert " coloration of JParadrymadusa
hocquilloni and P. persa, etc.) ; and the recent faunas of the

Iranian and the Balkano-Anatolian provinces, being of the same
origin, are entirely different and belong to the dilferent subregions..

The Iranian fauna occupies a rather large part of Transcaucasia,

reaching along the Avestern shore of the Caspian Sea as far as the

neighbourhood of Petrovsk, as we shall see later on.

The Turanian province of theEremian subregion comprises

Transcaspia and the southern steppes of Kii-ghizes and Kalmyks
along the northern and north-western shores of the Caspian

Sea ; its Orthopteran fauna is a rather recent derivate of the

Iranian which has migrated in northern and north-western

directions, invading the parts of land from which the Caspian

Sea has recently withdrawn. West of the Caspian Sea (in the-

Ciscaucasia) the Turanian fauna spreads southwards, coming in

contact with direct Iranian migrants somewhere near Petrovsk.

To the south of theEremian subregion lies the Indo-Ethiopiail

region, the fauna of which is of some importance for the com-
position of the fauna of the country we are sturlying now, where
we may find a rather large number of species of undoubtedly
Indo-Ethiopian origin, for example : genera Gelastorrliimis^

Hierodula, Duronia, Pyrgomorpha, Sphodromeras, and species

—

Tropidopolci cylindrica., Liogryllus bimaculatus , etc. All these

Indo-Ethiopian elements came into the country under consider-

ation throxigh the Eremian subregion, of which fauna the}'^ are

very characteristic.

The Zoogeographiccd Dwisions of the Caucasus and.

neighhourimj countries.

Before continuing the study of zoogeograpliical districls into-

which the country in question may be divided, I ought to point out
that all my conclusions are based exclusively on the study of the
geographical distribution of Orthoptera, though I have also taken
into consideration the conclusions drawn by the late Iv. A.
Satunin from his study of Caucasian mammals ; by Nikolsky

—
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reptiles and amphibians ; Bii'ula (l. c.)—scorpions ; as well as by
other zoologists.

A full list of the Orthoptera, which are known to me from the

Caucasus and the neighbouring countries, wall be given by me
elsewhere.

1. South Russian Steppe district (R.M.)*.

The Orthopteran fauna of the open grassy steppes lying to the

east of Azov Sea has not yet been sufficiently investigated, and
we know but 69 species (3 M t + 32 A + 27 L + 7 G) from it.

Notwithstanding, it is evident that this fauna cannot be

separated from that of the steppes north of the said sea and
of the Blfick Sea—the steppes of Southern Russia, and it has

nothing to do with the fauna of the Caucasus proper. In fact,

there is only one species in this fauna which is unknown from the

South Russian steppes ; it is Pezotettix giornai, a Mediterranean

species winch I think has quite recently penetrated here from

the neighbouring Novorossiisk district, and is only restricted to

the south-western part of the Azov steppes. We are right,

therefore, in regarding the latter as simply being the southern

part of the vast South Russian Steppe district. The boundaries

of this district, as far as they are lying within the limits of

country we are interested in, are not quite defined yet ; the

southern boundary of it coincides with the northern limit of

the forests growing on northern slopes of the Caucasus ; its

eastern limit is not so sharply marked and is dependent on the

westw-ard progression of the Aralo-Caspian (Turanian) flora and

fauna along the Valley of Manytsh (see below).

2. The Kuban-Terek district (K.-T.).

As I have had the opportunity of studying this district for a

rather long time (1911-1914, i.e. four years), its fauna is well

known to met. The number of species known from this district

is 77 (2 M -I- 33 A+ 33 L+ 9 G) and may be regarded as being very

nearly exact. The bulk of this faiina—68 species—is common to

it and to the foregoing district, which leads us to the conclusion

that the Kuban-Terek district ought to be regarded as belonging

to the Steppe subregion. The distinction between the South-

Russian fauna and the fauna of this district is based on 13 species.

Out of these seven are of well-defined boreal origin : S'tenoboth7'ics

nigromaculatns, St. ventralis, St. scalaris, Gomj)hocerics variegatus,

Psojjhus stridulus, Leptophyes punctatissima, and Olynthoscelis

griseoaiJtera ; they form, no doubt, a rearguard of the relic group

of boreal species which retreated from South-Russian -steppes,

* The letters after the name of each district are the initials of their latin names

as adopted in mj' zoogeographical map.

t M=Mantodea, P= Phasmodea, A=Acridiodea, L=Locustodea, G=Gryllodea.
+ See my publication concerning the Orthopteran fauna of the province Stavropol

(Bull, du Musee du Caucase, 1915).
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after the end of the Ice age, southwaids into the monnta.ins of

the Caucasus (see p. 448). Of the remaining six species, four
are of Mediterranean (resp. Balkano-Anatolian) origin ; these
are : Pcecilimon similis, Paradrymadusa heckeri (peculiar to the
Kuban-Terek district, but belonging to a Balkano-Anatolian
genus), Flatycleisfusca, and Ilyrtnecojihila ochracea, which ai'e to

be regarded as immigrants from Transcaucasia.. The ways of this

migration, doubtless, do not lead across the chain of the Great
Caucasus, but I think they go on the west along the shores of

the Black Sea, and on the east through the Somkheto-Ivakhetian
and Daghestan districts (see below). The remaining two species

are : fii'stly, Gampsocleis schelkovnikovce, which has just been
described and the zoogeographieal physiognomy of which is as

yet uncertain ; secondly, Nemohius tartarus, which has recently

penetrated into the Kuban-Terek district from the neighbouring
deserts of the Caspian Ciscaucasia.

Thus the Orthopteran fauna of the Kuban-Terek district

may be characterised as derived from the South -Russian Steppe
fauna, with well-marked indications of southern influences—from
Caucasus (forms of boreal origin) and from Anatolia (Balkano-
Anatolian species).

The Kuban-Terek district comprises all the northein slopes

of the Caucasian mountains, including the adjacent hilly country
with insular forests ; its northern boundary coincides with the

northern limit of these forests on the west and of the grass steppe

on the east ; while the southern is formed by the upper limit

of the forests on the main chain of the Caucasus.

3. The Daghestan district (D.).

The fauna of this interesting district has as yet been very little

investigated : the whole number of species known from it is

only 43 (2 M -}- 23 A -f 12 L -f 6 G), which is, certainly, not

more than one third of the real number. Notwithstanding,

a careful analj'sis of this fauna allows us to draw some veiy

interesting conclusions as to its composition and origin.

The Daghestanian Orthopteran fauna is in direct contact with

the faunas of four districts: Kuban-Terek, Somkheto-Kakhetian,

Caspian Transcaucasia, and the Eastern Caucasus. But we find

the closest resemblances between our fauna in the two first named
districts, and as they belong to distinct subregions (Steppe and

Mediterranean respectively), it is an interesting problem to be

solved—in which of them the Daghestan should be included.

Out of 39 Daghestanian Orthoptera 34 are common to

Daghestan and to the Kuban-Terek distract, and only five are

distinct, as follows : Nocarodes sen-icollis, Orj^hania scutata

zacharovi, Locusta caudata caudata, Decticus verrucivorios

verrucivorus, and Platycleis daghestanica. The last named species

is peculiar to the Daghestan and of no interest to us ; Nocarodes

serricollis is not to be considered as being characteristic of
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Da,ghestan, since it is not distributed all over this distvict but
confined to its eastern parts ; finally, Locusta ccmdata caudata,
Decticus verracivorus verrucivorus, and Orphania scutata zacharovi
are the typical mountain forms and, doubtless, came to Daghestan
from the adjacent mountainous district of Eastern Caucasus. It
is evident, therefore, that there exists but very little difierence
between the Daghestanian fauna and that of the Kuban-Terek
district, and that this difference is of a recent date and of an
accidental origin. Onthe contrary, the resemblances between them
are far deeper, for nearly all the chief characteristic steppe forms
(such £>s Arcyjitera flavicosta flavicosta, Celes variabilis variabilis,

StauroHotus brevicollis) range into Daghestan, but not farther
southwards where (in the tSomkheto-Kakhetian district) they are
either entirely absent or replaced by other subspecies. Thus, the
steppe Arcyptera flavicostajlavicosta gives place in the Somkheto-
Ka,klietian district to the distinct race A.Jiavicosta transcaiccasica

;

Celes variabilis variabilis is represented there by the subspecies
C. variabilis carhonaria and so on. But the most striking-

difference of the Daghestanian fauna from the Somkheto-
Kakhetian (resp. Balkano-Ana.tolian and even Mediterranean) is

in the negative features of the first : the numerous non-flying
Phaneropteridee, which are very characteristic of the Somkheto-
Kakhetian fauna, are strange to the Daghestan, where only three
of them exist : one Orphania, one Foecilimon, and Leptophyes
albovittata — all three not cliaracteristic of the Somkheto -

Kakhetian district ; the numerous endemics of the latter do not
range into Daghestan at all.

All the above-mentioned facts lead us to the conclusion that
the recent Orthopteran fauna of the Daghestan is in more
intimate relation to the fauna of the Kuban-Terek district than to
that of the Somkheto-Kakhetian. I think, thei-efore, it should
be right to regard Daghestan as an independent zoogeographical
district of the Steppe subregion, characterised by the purely .steppe

Oi'thopteran fauna with but slight admixture of mountainous
forms and of endemics as well as of some "ancient-Mediterianean"
species (see p. 452), like Nooarodes serricollis, or an undescribed
species of Paradryviadusa, known to me from Daghestan only in

females. I think that further investigations of this interesting-

district may clear up some details concerning thecompo.sition and
origin of its fauna but will not change the views expressed above.

Turning to the establishment of the boundaries of this district,

we can only definitely state the north-western and south-western
ones, which coincide with the lower limits of the alpine district

of tlie Eastern Caucasus. As for the eastern boundary of the
Daghestan it should be presumed to go along the extreme eastern
chains nearly pai-allel to the Caspian Sea shore, leaving a narrow
strip along the shore itself bearing quite a different Iranian
fauna of the district of Caspian Transcaucasia. The most obscure
are the boundaries between Daghestan and the districts of

Kuban-Terek and of Somkheto-Kakhetia.
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4. The Western Anatolian district (A.M.).

There are known to us from tliis district, little investigated

though it is, as many as 103 forms ot^ Orthoptera (7 M -f 37 A +
48L + 11 G), which gives evidence that its fauna is a very rich

one. As for the composition of this fauna, it may be regarded
as the purest expression of tlie Balkano-Anatolian fauna, which
has here its original home.
The most characteristic families of Locustodea for this fnuna

are the Decticidse and the Phaneropteridse : here we find 23 species

belonging to the first named family, and 19 to the second.

Among the Phaneropterida3 the flightless species are 15 in

number; 16 species of Decticidse are also flightless. It is not

surprising, therefore, that we find many endeniics in this district

:

13 species are peculiar to it. Among these endemics there are

no fewer than 6 species of Poecilimon, all belonging to the group
with non-denticulate cerci, which group presents one of the most
characteristic features of the Balkano- Anatol inn fauna having
its centre of origin a,nd distribution in this and in the neigh-

boui-ing Armenian district. One species of Iso2yhya (/. ^xczje^i) is

also peculiar to Western Anatolia,. Of Decticida) two species of

Flatycleis {P. iruncata and P. schereri), two Olynthoscelis (01.

signata and 01. prasina), Drymadusa spectahilis^ and Gamijjsocleis

recticauda are also Western Anatolian endemics. Considering

all these endemics, it is noticeable that their specific features are

very well marked and very constant, which gives us the evidence

that these species are ancient and iindoubtedly autochthonous

forms. Thus Vi^e come to the conclusion that the Locustodean

fauna of the Western Anatolia bears some peculiar features and
is of great age. The composition of the other sul)orders of this-

fauna is of a rather mixed and indeterminate character.

As for the more recent elements of the Western Anatolian

Orthopteran fauna, we may distinguish amongst them the forms
of the Steppe fauna {Stenohothrus spp., Stauronoitis hrevlcollis,

etc.) which came here through the Balkan peninsula, and, what
is more interesting, some species characteristic for the Western
Mediterranea,n (Tyrrhenian) province, which are six in number,
as follows: Geomantislarvoides, Acroiyhis longij^es, Paracaloptenus

caloptenoides^ Platycleis oiigrosignata, Olynthoscelis chabrieri, and
Anterastes serbicus. All of them, except Acrotylus longipes, are

wingless and doubtless very ancient in their origin; the careful

study of their distribution shows that it is discontinuous, which

allows us to think that a connection between the Tyrrhenian and

Balkano-Ana.toli':\n has been ancient also and ceased long ago.

The limits of this district are not yet sufliciently known to us.

It is certain, however, that the north-western hmit does not

coincide with the recent natural limit of the Anatolia—with the

Bosphorus and the Sea of Marmora, but it is to be looked for

somewhere in the Balkanian peninsula. The Western Anatolian

district occupies, conclusively, the more southern part of the last
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named peninsula, the western pai-t of Anatolia from the Mediter-

ranean Sea to the western borders of the interior Anatolian

plateau, extending along the southern shore of the Black Sea

as far eastwards as the neighbourhood of Trebizond.

5. The Armenian district (Ac).

The whole number of species known from this district is kirger

than that of any other, being 134 (8 M + 62 A + 54 L + 10 G),

which indicates the exceptional richness of its fauna.

The analysis of this fauna shows its affinity with the fauna of

the preceding distinct, since 62 species are in common with tlie

latter ; it is of interest that many species are peculiar to both

these districts, being unknown beyond their limits. This affinity

is certainly due to the fact that they both belong to the same
(Balkano-Anatolian) province. Far more interesting is the

difference between them : out of 134 Armenian Orthoptera no
fewer than 74 do not penetrate into Western Anatolia. This

group is composed of very different elements. First of all Ave can

distinguish in it an admixture of the more northern (steppe and
boreal) forms, which are 12 in numbei-, as follows:

Pai-iipleurus alliaceus. Stenobothrus pulviiiatus.

Stenobotlirus fischevi. ,, scalaiis.

„ nigi-omaciilatus. Gomphocerus sibiricus caucasicus.

,, apricai'ius. Arcypteva fusca.

„ macrocerus. Locusta caudata kolenatii.

„ hiEmorrboidalis. Olyuthoscelis grisea.

The absence of these forms from Western Anatolia may indicate

that they did not come to Armenia thi'ough the Balkanian
peninsula but across the Caucasian isthmus. Some of them, for

example Arcyjytera and Gomphocerus, ai'e absent from Western
Anatolia simply because in this latter district there are no places

(high mountains) suitable for their habitation. The same cause

explains to us why the following four alpine species : Orphania
sciotata zacharovi, Psorodonotus brunneri, Ps. fleberi, and Ps.

specidaris, do not penetrate into Western Anatolia.

A very characteristic group of the Armenian Orthoptera is

formed by the 13 species belonging to the true Eremian fauna.

Their list is as follows :

Eremiaphila geiiei. Spbingonotus balteatus.

Acrida robusta. Spbodvomevus ccslosyi-iensis.

Stenobothrus simplex. Plati'cleis escalerai.

Stauronotus aiiatolicus. Medecticus assimilis.

Pallasiella truchmaiia. Gryllus tartarus obscurus.

Pyrgodera armata. „ hebraus.

CEdaleus mlokosiewitclii.

Since all these species are good flyers it is evident that they

came into Armenia in recent times from the neighbouring

deserts of Persia and Mesopotamia; this view is supported by
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the fact that most of them are restricted to the eastern parts of

the Armenian district.

But the majority in the group of Armenian Orthoptera which
do not reach Western Anatolia belong to species peculiar to

Armenia (or to both Armenia and Syrian Anatolia). They are

23 in number, as follows :

Stauronotus hauensteini kurda. Isopliya vodsjankoi.

*Cuculligeia maculinervis. * „ poltovatskyi.

*Pampliagus j-ersiiii. Saga cappadocica.

* „ bvuiiiieiianus. *Di-ymadusa ouivicercii!.

*Eunothi'otes derjugiui. * „ recticauda.

Pcecilimonella arineniaca. ' * „ kouowi.

I'oecilimon tschoroclieiisis. *01yntlioscelis animlipes.

„ kutaliiensis. * „ signata.

;, syi-iacus. * „ zebra.

„ coiiciuiius. „ kurda.

*Kurdia nesterovi. *Troglophilus escalorai.

*Phonochorion satunini.

Iso fewer than one half of them should be regarded as the relics

of the "ancient Mediterranean" fauna (these are marked with an
asterisk), to which also belong the following 13 species whose
area of distribution extends also beyond Armenian limits, as they
ai'e to be found in the neighbouring districts of Aderbeidzhan,
Caspian Transcaucasia, and ISomkheto-Kakhetia :

(Edipoda scliochi schochi. Tmetliis esclierichi.

Thalpomeiia ledereri. „ holtzi.

Heliopteryx liumeralis. Nocarodes serricollis.

Tmothis saussurei. Pezotettix rngulosa.

„ cariiiatus. Platycleis sqimniiptera.

„ cisti. Paradrymadusa sordida.

„ bilobus.

"We find, thus, in Armenia 27 relics of the " ancient Mediter-
ranean " fauna, which find here their western limit of distribution

and do not reach Western Anatolia.

The remaining 7 species of Armenian Orthoptera which do not

range farther westwards [Umpusa pennico7'nis, Acrida nasuta^

Isophi/a triangularis, I. acuminata, Olynihoscelis incUstincta,

Doiichopoda euxina, and Gvyllus frontalis) are partly of indeter-

minate zoogeographical value, or their absence from Western
Anatolia may be explained as a result of insufficient investi-

gations.

Summarizing the results of our analysis of the Armenian fauna

we niay conclude that it is a Balkano-Anatolian fauna in its chief

characters but well distinguished from it by (1) the well expressed

influence of the Eremian fauna, (2) the great number of endemics

and relics of the " ancient Mediterranean " fauna, and (3) some ad-

mixture of boreal and steppe forms.

I think the frontiers of the Armenian district should be di-awn

in the following manner.
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The northern boundary coincides with the chain of Pontus,

coming on tlie east very near to Batoum and embracing a narrow

strip of the Adzliarian chain; from here it runs southwards along

the A.rsian chain as far as Arax, where the contact of Armenian

and Aderbaidzhan fauna takes place ; farther on the boundary

turns eastwards along the chain of Aghridagh as far as Ararat,

from where it goes southwards along the Avatershed of the basins

of Urmiah and Tigris. The western boundary is presented by

the margin of the central plateau of Anatolia, and the southern

one goes in its western part along the Cilician Taurus and

Antitaurus, not yet being satisfactorily known farther eastwards

owing to the lack of investigation. I suppose it coincides with

the Armenian Taurus.

As the territory of this district is far more extensive than

that of any other, it causes us to suppose that it should be divided

into two or more separate districts. Some modifications of the

Orthopberan fauna of diflerent parts of Armenia support this

conclusion, but I cannot offer any satisfactory division, as our

knowledge of the fauna of southern and south-eastern parts of

Armenia is extremely limited. Further investigations of this

district should be, therefore, of the greatest zoogeographical

interest.

6. The Syrian Anatolia (A.S.)

This district belongs to those which have been less investigated,

as is evident from the small number of species known of it, this

being only 106 (9M+ 50 A+ 38 L+ 9G), though its southern

position and dry climate offer the best conditions for the develop-

ment of the richest Orthopteran fauna.

As for the composition of its fauna, it may be regarded as veiy

closely related to the fauna of Syria proper, all differences being

of an accidental nature. On the contrary, the difference existing

between this fauna and that of Armenia is rather well defined in

the lack of the most characteristic Armenian endemics and in the

evident influence of the Eremian fauna which is a typical feature

of the fauna of Syria.

The boundary between this district and the Armenian one

coincides with the southern limit of the latter district following

tlie chain of the Cilician Taurus ; along the Euphrat valley this

district penetrates into Armenia, as is to be seen on the map.

All the other boundaries of this district lie beyond the limits of

the country which we are studying now and are entirely unknowii

as yet.

7. The Pontian district (P.).

The fauna of this district includes 59 species of Orthoptera

(1 M+ 27 A4-20 L+ 11 G); having been well investigated it

cannot be considei'ed very rich.

The analysis of the Pontian fauna shows us that it is very

closely related to the fauna of Western Anatolia, including only
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15 species which do not range into the latter district. Of these

15 species no fewer than three or four [Grylhis frontalis, Steno-

hothrus macrocerus, Arachnocejihalus vestiius and, perhaps, Doli-

chojjoda eitxina) should be I'egarded as not having been for.nd as

yet in Western Anatolia owing to the lack of investigations only
;

one

—

-CEdaleus mlokosleioitchi, being a very strong flyer, doubtless

came to the Pontian distiict from the east in recent times ; the

presence of (Edipoda schochi schochi may be satisfactorily explained

by the influence of the neighbouring Armenia ; and, finally,

three species are peculiar to the Pontian district

—

Podisma
koenigi (Pontian endemic ranging ako into the adjacent western
portion of the Somkheto-Kakhetian district), P. satunini, and
Olynthoscelis herheta. The remaining six species are of great

interest : three of them are definitely boreal in their origin and
inhabit the alpine district of Western Caucasus, from whence
they come into the Pontian district ; this descendance of tlie

i-epresentatives of alpine fauna to the sea-level is due to the

great humidity of the Pontian climate, this fact being very
characteristic for the fauna of this district. The last thi-ee species

a.re Piecilimon schmidti, Isophya pyrencea, and Olynthoscelis fcdlax

—all northern Balkanian in their origin and sylvan in their

habitation, which leads us to the conclusion that they come to the

Pontian district from the north—through the Crimea.
Thus, we may consider the Pontian fauna as an impoverished

Balkano-Anatolian one, Avith the admixture of peculiar and
boreal forms and species of northern Balkanian origin which came
here from the north.

The eastern limit of the Pontian district is formed by the chain

of Suram ; the southern boundaiy goes along the Adzharo-

Imeretian chain, approaching the Black Sea near Kobulety and
turning from here westwards along the chain of Pontus; the

western boundai'y is rather obscure and is to be looked for some-

where near Trebizond ; the north-eastern boundary coincides with

the upper limit of the forests on the Western Caucasus ; and
the north-western separating the Pontian district from that of

Novorossiisk is indefinite, as we shall see later on.

8. The Novorossiisk district (N.).

This district is one of the less investigated ones, the whole

number of Orthoptera known from it being 50 (4 M-|-21 A-f
18 L-f7G).

Analysing its fauna we observe the werj close resemblance of

it to that of the Soixth Russian steppe fauna and, on the other

hand, to that of the Pontian district. This intermediate character

of the jSTovorossiisk fauna is to be explained by the geographical

position of the Novorossiisk district between the steppe of South

Russia and the district of Pontus. The difierences of the

Novorossiisk fauna from that of the South Russian steppes are

expressed in seven species, three of them being boreal in their

origin [Stenohoikrus sccdaris, PsopJms stridulus, and Olynthoscelis
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griseoaptera) and penetrating hence from the mountains of

Western Caucasus; one [Platycleis sepium) is a Balkano-Anatolian

species coming from the Pontian district ; and three remaining

ones [Parameles taurica, Ohjnthoscelis j)ontiGa, and Pezotettix

giornai) are of special interest. The first two of them are peculiar

to the southern part of the Crimea, and the Pezotettix is a

characteristic Mediterranean species, luiknown as yet in the

Crimea, though doubtless present there. The presence in the

Novorossiisk district of these three species, which are absent from
all other districts of the Caucasus, indicates that this district was

once in a direct connection with the south of the Crimean
peninsula, the time and place of this connection being at present

unknown to us.

As t;) the boundaries of the Novorossiisk district, its inter-

mediate position and the transitional chai-acterof its fauna render

them very obscure ; I think they are not very markedly defined
;

its southern boundar}'- separating it from the Pontian district is

to be looked for somewhere between Tuapse and Sotchi.

9. Tlie Somhheto- Kaklietian district (S.-K.).

The Orthopteran fauna of this extensive district, though fairly

well investigated, is not yet fully known, as is evidenced by the

fact of the recent description of some new species and subspecies

inhabiting it. The whole number of the known Somkheto-

Kakhetian Orthoptera reaches 79 (7 M + 35 A + 24 L + 13 G),

which should be less than the real number by some 10-12 forms.

The first problem to be solved is whether this district belongs

to the Steppe or to the Balkano-Anatolian province. Let us

consider its afiinities to both of them.

This district has in common with the Steppe province (districts

of Southern Russia and of Kuban-Terek) 69 species, the difterence

beino- 21. Temporarily setting aside eight Somkheto-Kakhetian

endemics, the remaining 13 are as follows:

*Empusa pennicornis. *Isopliya pyrerisea.

*Tettix depressa. * „ amplipeiiiiis.

*Pavatettix meridionalis. * „ acuminata.

*Thalpomena ledereri. *Paradrymadusa sordida.

*Paicilimon distinctus. Nemobius heydeni.

* „ bosplioricus. Gryllus lateralis.

*Isopbya adeluiigi.

No fewer than eleven of these (marked with an asterisk) ai-e

Balkano-Anatolian species or belonging to the characteristic

Balkano-Anatolian genera, and two Gryllids only are recent in-

vaders from the adjacent deserts of the Caspian Ti-anscaucasia.

Thus it is evident that the difterence between the Somkheto-

Kakhetian and the Steppe fauna is very well expressed and in-

dicates the entirely difierent sources of their origin.

Turning to the relation of the Somkheto-Kakhetian fauna to

the Balkano-Anatolian one we see, that only 16 species inhabiting
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this district are foreign to other districts of the Balkano-
Anatolian province, eight of them being peculiar Somkheto-
Kakhetian forms. The remaining eight species are

:

Stenobothrus lineatus. Platycleis vittata.

Pcecilimon distinctus. Olynthoscelis falla.v.

IsopLj'a adelungi. Neniobius tartarus.

„ pyrenrea. Gryllus lateralis.

Out of these only Stenobothrus lineatus and Platycleis vittata
may be regarded as proofs of the influence of the steppe fauna

;

two Gryllids are of desert or-igin ; and all others belong to the
Balkano-Anatolian genera.

The above is sufhcient to enable us to come to the conclusion
that this district may be regarded as a part of the Balkano-
Anatolian province, a conclusion confirmed by the study of the
Somkheto-Kakhetian endemics. They are eiglit in number, as
follows

:

Arcyptera'flavicosta transcaucasica.

Celes variabilis carbonaria.

Tmethis zaitzevi.

Nocarodes rimansoiige.

Podisraa koeingi (peculiar to this and Pontian district).

Isopbj'a bivittata.

Leptopbj^es iiigrovittata.

Olynthoscelis distincta.

All these peculiar forms, with the exception of Arcyptera,
Podisma, and Celes, belong to the Balkano-Anatolian genera, and
are doubtless not recent invaders. This strongly supports my
opinion as to the affinities of the Somkheto-Kakhetian district.

Podisma koenigi presents an evidence of the influence of the
Pontian fauna, and two peculiar characteristic steppe species,

Arcyptera flavicosta and Celes variabilis (as well as Stenobothrus

lineattts and Platycleis vittata), are doubtless immigiants from the
Kuban-Terek district (through the Daghestan), the somewhat
difterent natural conditions of Transcaucasia causing the sub-

specific diiFerences between the Transcaucasian and the primary
steppe forms.

We ought, therefoi-e, to consider the Somkheto-Kakhetia as

a district of the Balkano-Anatolian province, bearing in its fauna
some hints of an influence of tlie South Russian steppe fauna,

migrating from the north around the eastern end of the

Caucasus through the Daghestan.

The outlines of the Somkheto-Kakhetian district are very

complicated and circuitous. I include in it the southern

forest-clad slopes and hills of the Great Caucasus from Svanetia

on the west to the south-eastern extremity of this chain : here

the district branches around this end on thenoi'thern s'opes, thus

coming in contact with the Daghestanian district ; through the

Suram meridional chain the northern half of the Somkheto-

Proc. ZooL. Soo.— 1921, No. XXXTI. 32
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Kaklietian district is connected with the southern part, the district

thus ranging all over the northern slopes of Minor Caucasus

as far eastwards as Karabagh, where its fauna,, becoming gradually

poorer, comes in contact with the fauna of Aderbaidzhan.

10. The Talysh district (T.).

The fact that we only know 45 species of Orthoptera (3M +
24A +8L + 10G) from this district is certainly due not to its

poverty but to incomplete investigations.

As regards the composition of the Talysh fauna, it gives the

impression of bearing resemblance to that of tlie adjacent Caspian

Transcaucasia, being distinguished from it by the presence of

five forms only, as follows :

Acrida turrita tuvrita.

Parapleurus alliaceus.

Stenobotlivus macrocerus.

Epacromia strepens strepens.

Platj'cleis capitata.

The latter of these is an endemic species, while the presence of

the four remaining ones indicates the close affinity of the Talysh

fauna to that of the Balkano-Anatolian province. The most
remarkable fact is that Acrida turrita and Epacromia strejjens

are represented in the Talysh district, not by the desert sub-

species inhabiting the Caspian Transcaucasia, and Aderbaidzhan,

but by tlie same races thnt a,re met with in the districts belong-

ing to the Balkano-Anatolian piovince, the range of these sub-

species being discontinuous The affinity of the Talysh fauna

with the Balkano-Aiiatolian one is even more defined by the fact

that its difieience from the latter can be based upon a single

subspecies (leaving the endemic FlatycJeis capitata nsu]e)—Decticus

verrucivorus boldi/revi, Avhich no doubt ca,me here recently fiom

the neighbouring deserts. The influence of the Eremian fauna on

the fauna of Talysli is, generally speaking, very well marked,

resulting in the presence of such forms as Thisoecetrus dorsatus,

Platycleis escalerai, LiognjUus himaculat^is, etc., but it should be

regarded as of secondary natvire. The immediate connection of

the Talysh with the other districts of the Balkano-Anatolian

province is now absent, but it no doubt existed formerly ; I think

it should be looked for in the south-eastern (Karabaghian) branch

of the Somkheto-Kakhetian district which formerly used to

reach the Talysh.

In the district of Talysh I include only the lather narrow strip

along the southern shore of the Caspian Sea, the southern bound-

ary of this district being the upper limit of the forests on the

northern slopes of the Talysh mountains. The north-western

boundary delimitating Talysh from the adjoining deserts of

Caspian Transcaucasia is rather indefinite ; the north-eastern one

is completely unknown.
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1 1 . The district, of AderbaidzJian (Ad.).

This district possesses a very rich Orthopteran fauna, the
niimber of species Ivnown being 125 (9 M -i- 1 P + 76 A + 24L
+ 1 5 G) ; the real number should be considerably larger, not less,

I believe, than 150-160.

The most interesting features of this fauna are as follows.

First of all, the presence of a representative of the suborder
Phasmodea ( (?raiwZMt hitahercidata)—which is not to be met with
in any other district, except Caspian Transcaucasia—clearly

indicates that the Aderbaidzhan faima belongs to a quite distinct

zoogeographical division. This is supported by the lai-ge number
of Mantodea, Acridiodea, and Cayllodea, while the number of

Locustodea is comparatively small. Among the Acridiodea the
large number of species belonging to the family QEdipodidae is very
conspicuous ; there are thirty Qlldipodids here against ten, for

example, inhabiting the neighbouring Somkheto-Kakhetian
district. But the fauna of Aderbaidzhan is as remarkable for

what it lacks as for what it possesses. Out of these negative

features the total absence of the genera Chrysochraon, Gompho-
cerus, Arcyptera.. FsojjJvas, Celes, and Podisma is veiy remarkable

;

they are all of northern (boreal or steppe) oi'igin, and do not

reach this district. Yet more inter-esting is the composition of

the fauna of Locustodea : out of the whole family Phaneropteridse,

so well represented in the districts belonging to the Balkano-

Anatolian province, we only find two here

—

Phaneroptera falcata
and Tylopsis tliymifolia, both very strong flyers and doubtless

recent immigrants ; the highly characteristic for the Balkano-

Anatolian fauna family Sagida5 is represented in Aderbaidzhan

by one species only, the most widely distributed Saga ephippi-

gera; the majority of Locustodeaii fauna being thus formed by
the Decticidae, which are sixteen in number, mostly species of

distinct "ancient Mediterranean" origin.

The originality of the Aderbaidzhan fauna is most clearly

demonstrated by the large number of peculiar species (some of

them also ranging into Caspiaii Transcaucasia) ; nearly one third

of them are not to be found in any other district of the country,

being distributed beyond its limits, while eighteen are true

endemics, as follows

:

Ereniiapliila persica. Derocorys roseipennis lazuvescens.

Brumierella mirabilis. Drymadusa grisea.

Scintharista brunueri. Paradrymadusa pastuchovi.

Thalpomeiia persa. „ satvinini.

Helioscirtus moseri tichomirovi. „ persa.

Tmetliis persa. „ longipes.

„ carinatiis. „ bocquilloni.

Nocarodes woronowi. Platycleis pevsJca.

„ schelkovnikovi. Olynthoscelis satunini.

Amouijst these endemics a great percentage of the "ancient

Mediterranean " forms is evident, as, foi- example, all Paradry-

madicsa species, Drymadusa gi-lsea, two s])ecies of iVoaarodes, etc.

32*
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Yery characteristic of the Adevbaidzhan fauna are also nu-

merous Eremian genera and species, for example : Uremiaphila,

Oxythespis, Jlelioscirtits, SjjJiingonotics, Derocorys, Sj^hodro-

•merus, etc.

Summarising the results of our analysis, we may characterise

the fauna of the Aderbaidzhan district as a true Eremian one,

with a well-marked admixture of "ancient Mediterranean" forms

and with very slight indications of the steppe fauna, which pene-

trates here through the Somkheto-Kakhetian and Armenian
districts.

I include in the Aderbaidzhan district the Persian province

bearing this name (but not the recently formed republic of

Azerbaidzhan in Transcaucasia), as well as the valley of middle

Arax from Kaghyzman as far as Migry. Thus, the northern

boundary is to be drawn along the southern slopes of the Minor
Caucasus at a somewhat considerable height, about 6000-7000 feet

above the sea-level. To this district also belongs (I am not yet

sure whether partly or wholly) the Karabagh, Avhere the Ader-
baidzhan fauna comes in direct contact with the here already

impoverished Somkheto-Kakhetian one. Farther eastwards the

northern boundary of Aderbaidzhan goes along the eastern

boundary of the Zangezur chain and near Migry goes over the

Arax, turning eastwards nearly parallel with the latter river along

the chain of Karadagh as far as the Talj^sh chain ; farther on
the boundary of Aderbaidzhan coincides with the latter chain.

The western boundary is the same as the eastern limit of

Armenia, which we have already considered above. As for the

southern limit it is as yet unknown, but theie are some indications

that it lies rather far southwards in Central Persia.

12. The district of Caspian Transcaucasia (T.C.).

The Orthopteran fauna of the deserts of the eastern or Caspian

Transcaucasia as compared with other districts has been more
fully investigated. The amount of its known species is 98

(6 M + 1 P -j- 50 A + 24 L + 17 G), which number is, I suppose,

very near to the real one.

If we take into consideration the uniformity of this district, its

fauna may be regarded as a rather rich one, though poorer than

that of Aderbaidzhan. The difference between the fauna of the

latter district and that of Caspian Transcaucasia appears to be a

very marked one, since as many as 45 Aderbaidzhanian forms do

not reach Caspian Transcaucasia. Out of them 23, that is nearly

half, are species of " ancient Mediterranean " origin, as follows :

Pallasiella bolivari. 4 species of Nocarodes.

P3a-godera arraata. Diymadusa grisea.

Bruiiuerella mirabilis. „ konowi.

Heliopterj^x liumeralis. 4 species of Paradrymadusa.

Charora crassivenosa. Platycleis persica.

Trinclius schrenki. „ squamiptera.

4 species of Tmetliis. Olynthoscelis satuiiini.
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The typical Eremian forms which do not penetrate into
Caspian Transcaucasia from Aderbaidzhan are 19 in number:

Eremiaphila persica. Helioscirtus nioseri moseri.

Oxj'thespis vvagneri. „ ,, ticboniirovi.

Fisclieria baltica. 6 species of Spliiiigonotus.

Blepharis mendica. Leptoteruis gracilis.

Duronia fracta fracta. Derocovys roseipennis lazuvesceus.

Platypferna tibialis. Scbistocerca peregrina.

Scintharista bruiiiieri. Spbodi-omei'us sevapis.

This list includes a rather lai-ge percentage of forms of more
southern origin {i. e. Indo - Ethopian), such as Oxyihesjns,

Fisclieria, Blej)hcoris, Schistocerea, Sjjhodrovierus, which are to be
regarded as recent invaders into the Eremian subregion and do
not reacli its northern parts, which accounts for their absence
from the Caspian Transcaucasia. Besides, two species are

common to the latter district but represented by distinct sub-

species {Duronia fracta and Berocorys roselfevnis), and neai'ly

all the remaining species are remai-kable foi' their sporadic distri-

bution, being bound to certain habitations wliicli are not to be

met with in Caspian Transcaucasia; their absence from the latter

district is thus easy to understand.

The remainder is formed of three species : Stenohotlirits

ztcboioskyi, Callimenus dilatatus, and Orphaitia scutata zacharovi.

The first of them is too little known as regards its geographical

distribution, and the two others a.re Balkano-Anatolian species

confined to the alpine pastures which are absent from Caspian

Transcaucasia.

The negative features which distinguish the fauna of Caspian

Transcaucasia from that of Aderbaidzhan are thus very numerous.

Nevertheless, they are but of little zoogeographical value, being due

to the comparative youth of the fauna of Caspian Tianscaucasia,

it being the cause that "ancient Mediterranean" species (mostly

flightless or bad flyers) and the Eremian ones of more southern

origin have not had time enough to extend their range of dis-

tribution into this district but recently left by the waters of the

Caspian Sea,

Let us see now what is the positive distinction of the fauna of

Caspian Transcaucasia from that of Aderbaidzhan. The forms of

Caspian Transcaucasia which are not found in Aderbaidzhan are

19 in number, as follows

:

Gelastorrhinus sagitta. **Isophya adeluiigi.

Duronia fracta kalmyka. ** „ scbmidti.

Stenobothrus petrajus. **Leptopbyes albovittata.

* „ parallelus. *'''Paradrymadusa sordida.

*Gompbocerus maculatus. Platj'cleis burri.

*Arcyptera flavicosta transcaucasica. „ decticiformis.

*Celes variabilis carbonaria. * „ vittata.

Derocorys roseipennis roseipennis. * „ grisea.

**Poecilimon distinctus. **01ynthoscelis indistincta.

** ,, bosphoricus.
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Two of them belong to the species represented in Aclerbaidzhan

by other races {Duronia and Derocorys), and four are of no value,

their zoogeographical character being unknown [GelastorrJiinus,

Stenohothrus petrceus^ Flatycleis hurri, and PL decticij^ormis).

Thus, the difference is based on 13 species only, out of which six

(marked in list with an asterisk) belong to the steppe fauna and
seven (mai-ked with two asterisks) are Balkano-Anatolian ;

they

all inhabit the Somkheto-Kakhetian district as well, which
explains their appearance in Caspian Transcaucasia through

recent immigration from the latter district.

This connection with the Somkheto-Kakhetian fauna is, never-

theless, but of little importance, the differences between it and
that of Caspian Transcaucasia being too numerous.

Summarizing these facts, we may conclude that the Ortho-
pteran fauna of the Caspian Transcaucasia is undoubtedly in

close affinity with the Aderbaidzhan fauna, being nothing more
than the northern vanguard of the latter, distinguished by some
impoverishment and by slight marks of an influence from the

Somkheto-Kakhetian fauna. The past history of the fauna of

Caspian Transcaucasia should be rather short and simple : the

vast plains of eastern Transcaucasia dried up after the retreat of

the Caspian Sea were populated by the most mobile and progressive

elements of the Aderbaidzhan fauna, while Balkano-Anatolian
and steppe forms proved mostly to be unadaptable to the rough
conditions of life in the newly formed deserts.

The southern boinidary of this district, delimitating it from
Aderbaidzhan, is not clearly enough defined, the still continuing

northward migration of Eremian elements being the cause of its

indistinctness ; the approximate direction of this boundary is to

be seen above in the section dealing with the Aderbaidzhan
district (p. 466).

The boundaries between the Caspian Transcaucasia and the

Somkheto-Kakhetian district are also mentioned above. The
district of Caspian Transcaucasia gi^^es a very long and narrow
branch noi'thwards, along the western shore of the Caspian Sea,

but it is still uncertain where the noithern boundarj^ is to be
drawn, for the deserts along this shore are as yet unexplored.

13. The district of Caspian Ciscaucasia (C.C).

This district is inhabited by 70 species of Orthoptera (4 M -f-

39 A-l-13 L+ 14 G) and, as its fauna may be regarded as

having been thoroughly investigated, this number cannot be ex-

pected to increase in a marked degree after further explorations.

A glance at the composition of this fauna enables us to conclude

that it belongs to the Eremian subregion. This is evident from
the fact of the relative abundance of Acridiodea and Gryllodea in

comparison with the poverty of Locustodea ; it is even still more
supported by the study of families : Q]]dipodid« being well

represented, the Decticidte also, while of the Phaneropteridse there
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is liere one species only— tlie very well-ilying PJianeroj^Uera

falcata, penetrating into this district from the neighbouring
district of Kubau-Terek along the valley of Kuma.
The fauna of Caspian Ciscaucasia shows the greatest resemblance

to that of the district of Caspia.u Transcaucasia, the difference

between them being based upon the negative features of thelirst,

while a rather large nun)ber (46, i. e. 2 M + 1 P + 21 A +
17 L+ S G) of Transcaucasian Ortlioptera do not range into

Ciscaucasia ; a careful examination of this group shows that it is

composed of species of distinct southern origin, except Arcyptera

flavicosta and Celes variabilis, which are members of the steppe

fauna represented in Tra.nscaucasia and Ciscaucasia as well though
by different geographical races. As for the positive differences

of the Ciscaucasian fauna, from that of Caspian Transcaucasia

they are 16 in number, ns follows

:

Acrida turrita turrita. (Edipoda sclioclii caucasica.

*Chiy.sochraon dispav. **Hjalonliipis clausi.

*Stenobothius hsemovrboidalis, Tnietliis niuricatus.

*Stauronotus bi'evicollis. *Saga pedo.
*

„ kraussi. *Platj'cleis moiitana.

Arcyptera flavicosta flavicosta. Decticus ven-ucivorus scluiguvovi.

*Epacroraia tergestina. **(>rylli!S odicus.

Celes variabilis variabilis. **Tridactj'lus tartarus.

Five of them are but geographical races (subspecies) of the

species represented in Transcaucasia as well ; one, TmetJiis

muricatus, is very closely related to the southern T. bilobus, and

is, perhaps, also but a race of the latter. The remaining group of

ten species is composeil of seven steppe forms (marked in above

list with an asterisk) and three are desert species originating from

the Turanian province of the Eremian subregion (tw^o a.sterisks).

The presence of these latter is very interesting, as it gives an

evidence of the affinity of the Ciscaucasian fauna to that of the

Kirghizian district of the Turanian pi-ovince adjacent to it

on the north-east. It is a very curious fact that the affinity of the

Ciscaucasian fauna to the Turanian province is far closer than it

is to the Iranian one; a comparison of the fauna of Caspian

the Ciscaucasia with that of the Kirghizian deserts shows us that

the first contains one species only which is not represented in the

second : this is (Edipoda schochi caucasica, an evidently new
intruder into the Ciscaucasian plains from the dry stony hills of

Transcaucasia. This leads us to the conclusion that the desert

plains of Caspian Ciscaucasia, quite recently left by the retreated

Caspian Sea, got their Orthopteran fauna mostly from the north,

being populated by the most progressive elements of the steppe

and Turanian fauna (the greater part of which are also proper to

the Iranian province of the same Eremian subregion). while the

migration from Transcaucasian deserts was prevented by some

unknown factors. As the eastern Ciscaucasian plains were at

first separated from the Kirghizian deserts by the Strait of
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Manytch (which joined the Black Sea to the Aralo-Caspian basin),

it is necessary to conchide that the process of populating these

plains began after the drying xip of the above-named strait, and

the whole fauna of the Caspian Ciscaucasia should be regarded

as being of quite recent origin, which explains the absence of

some characteristic Kirghizian forms, as, for example, Armene
alata, Oxi/thesjns ttircomanice, Pyrgodera annata, etc. All above

considerations support the idea that the deserts of the Caspian

Ciscaucasia form a distinct zoogeographical district of the

Turanian province.

As for the boundaries of this district, they are all well marked

except the southern one. This district occupies the clay and

sand}^ deserts adjacent to the lower currents of the rivers Kuma
and Terek, as well as the whole valley of the Manytch. I con-

sider the latter valley as the northern limit of this district,

while the western and south-western are determined by the

corresponding boundaries of the South-Russian and the Kuban-
Terek districts. The southern boundary, delimitating this

district fi-om the Caspian Transcaucasia, is yet unknown, and I

suppose it is not very sharply defined.

14. The district of Western Caucasus (C.Oc).

The Orthopteran fauna of the subalpine and alpine zones of

the western part of the main Caucasian chain includes 40 species

(24 A 4- 13L -|- 3 G). Amongst them a very striking group is

formed by 20 species of evident boreal origin, as follows

:

Tettix bipuiictata. Stenobothrus apricarius.

„ subulata. *Gonipliocercus sibiricus caucasicus.

Parapleurus alliaceus. Arcyptera fusca.

Chiysochraon dispar. *Mecostetbus grossus.

„ brachypterus. *Psopbus stridulus.

Stenobothrus nigromaculatus. *Podisma pedestris.

* „ viridulus. *Locusta caudata caudata.

„ hsemorrboidalis. *Platycleis roeseli.

* „ ventralis. *Decticus verrucivorus verrucivorus.

* „ scalaris. *01ynthoscelis griseoaptera.

The presence of these boreal species as well as the total absence

of representatives of Mantodea,, the small number of Gryllodea,

the poverty of QildipodidsB and Decticidte—this all gives to this

fauna a rather northern character. This character is further

strengthened by the remarkable fact that eleven, i. e. more than
half of the above-named boreal species (marked by an asterisk),

show a discontinuous range of distribution, their main (northern)

area being separated from the Caucasian one by a large space of

South-Russian steppes from which these species are totally

absent. As regards the way by which these boreal elements

came to the Caucasus there may be two different suggestions

:

either they migrated via Balkania and Asia Minor, or reached

the Caucasus direct from the north at some remote time when the
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climate of South Russia was colder and damper, which might
occur during the Glacial period. As a good many of the boreal

species, as for examijle. Mecosteihiis, J^soj^hus, Podisma pedestris,

are doubtless absent from Asia Minor, the latter supposition

should be by far the more correct.

The remaining 22 Orthoptera of this district show rather

mixed affinities. The most marked affinity is that to the

Balkano-Anatolian f;iuna as expressed by the presence of Noca-

rodes ei/anipes, four species of Foecilimon, four Jsophya and two
Psorodonotus, while the direct influence of the steppe fauna is

evidenced by the presence of such forms as Stenohothrus macro-

cerus, St. parallelus, and Celes vai'iabilis variabilis.

The endemic forms of the Western Caucasus are only four in

number: Podisma satunini^ P. riijipes, Isophya caucasica, and
/. kalischevskyi, their small number being a rather charactei'istic

feature of this fauna.

The northern and southern boundaries of this district coincide

with the upper limits of the forests on the corresponding slopes

of the Caucasian chain ; while the eastern boundary, delimitating

Western Caucasus from the district of Eastern Caucasus, is as

yet insufficiently known ; I suppose it is somewhere near the

sources of the Terek and the Aragva.

15. JJie district of Eastern Caucasus (C.Or.).

Only 17 species of Orthoptera (11A + 5L+ 1G) are known in

the eastern part of the Caucasian chain ; its fauna being thus

far poorer in comparison with that of the preceding district.

The most interesting features of this fauna are : the small

number of boreal and, in general, northern species and, further-

more, the presence of two exceedingly well characterized and,

therefore, very ancient endemics

—

Podisma lezgina and Pldocerus

onen.etriesi, the latter being the single representative of its genus.

The boundaries of this district are easy to understand.

16. TJie district of the Caiicastis Minor (CM.).

The Orthopteran fauna of this district, being rather well

investigated, includes but 52 species (30 A+ 18 L + 4 G), which

indicates its poverty.

The analysis of this fauna indicates its close affinity to that of

Armenia, only twelve species being strange to the latter district,

as follows :

—

*Chrysochvaoii dispar. Pfficilimon similis.

Stenobothvus werneri svirideiitoi. *Meconema tlialassinuni.

Gomphocerus variegatus. *Plat3'cleis bicolor.

*Avcj'ptera jflavicosta transcaucasica. * ,, weseli.

*PsopIius stridulus. ,,
iljinskii.

*Celes variabilis cavbonaria. *Decticus verrucivorus vcvrucivorus.

The bulk of this group evidently belongs to species of boreal

origin (marked in the list with an asterisk), some of them being
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the leading forms of the Boreal fauna (Chrt/sochrccou, Psoj)7ms,

Meconema) ; their presence here, together with their absence from
the mountains of Armenia, allows us to conclude that they came
here somehow from the Great Caucasus, perhaps by the transverse

chain of Suram which joins the mountains of the Minor Caucasus
to the main chain. In this characteristic admixture of boreal

forms, as well as in the presence of two endemics {Stenohothrus

werneri sviridenkoi and Platydns iljinskii), I see the sufficient

cause for separating this district from Armenia,.

The district of Caucasus Minor occupies the high table-lands

of Akhalkalaki, Kars, and Alexandropol, sending a narrow and
long branch along tlie shores of the Goktcha Sea and, fai-ther

south-eastwards, along the chain of Zangezur. The northern
boundary coincides with the upper limit of Somkheto-Kakhetian
forests; the western goes along the Arsian chain; and the
southern is exceedingly circuitous, being not yet satisfactorily

explored.

The difficult task of drawing the accompanying map of

zoogeographical districts has been undertaken in a most friendly

way by P. I. l^agorny, and I avail anyself of the opportunity of

once more expressing my sincere gratitude to him.

EXPLANATION OV THE MAP.

ZooffeograpMcal division oftlie Caucasus and Western Asia.
(Toxt-'fig. 1, p. 454.)

PAL.EARCTIC REGION.
I. Steppe subregion.

South-Russian Steppe province.

E.M. (Ho'-'sia ineridioiialis).—South-Russian district.

K.-T.—Kubau-Terek district.

D.—Dagliestan district.

II. Mediterranean subregion.

JSalkano-Anatolian province.

XT.—Novorossiisk district.

P.—Pontian district.

S.-K.—Somkheto-Kakhetian district.

CM.—District of the Caucasus Minor.
T.—Talysh district.

Ar.—Armenian district.

A.M. (Anatolia mediterranea).—Western Anatolian district.

A.S.—District of the Syrian Anatolia.

III. Erem.ian subregion.
1. Iranian pj'ovince.

Ad.—Aderbaidzhan district.

T.C.—District of the Eastern (C.ispian) Transcaucasia.

2. Turanian province.

C.C.—District of the Eastern (Caspian) Ciscaucasia.

IV. Caucasian subregion (?).

C.Oe.—(Caucasus occidentalis).—District of the Western Caucasus.
C.Or.—(Caucasus orientalis).—District of the Eastern Caucasus.
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In 1869 (Proc. Zool. Soc. pp. 4-37) Flower described certain

features in the base of the skull of several genera of Mustelidse,

especially those connected with the auditory bulla and the
adjacent foramina, recording the position of the glenoid, carotid,

and condyloid foramina, and noting the shape and relative

prominence of the mastoid and paroccipital processes. In ma.ny
instances he opened the bullas find described the internal struc-

ture. The genera examined were Lutra, Enhydris, Meles, Taxidea,

Mephitis, Helictis, Arctonyx, Mydaus, Gulo, Mellivora, Gcdera,

Maries, Mustela, and lihabdogale \_=Ictoiiya;^. He summarised
the results of his examination of the skulls of the Ursidfe, Pro-
cyonidaj, and Mustelida^ as follows:— (1) The cavity of the bulla

is simple. . . . Tiiat is, although there are frequently trabeculae

or partial septa ]3iissing mostl}^ ti-ansversel}' across the lower part,

iiiid genei'ally connected with the tympanic ring, there is no
distinct and definite septum dividing it into a separate outer and
inner character [misprint for chamber]. (2) The paroccipital

process is more or less triangular, and directed backwards, out-

wards, and downwards, standing quite aloof from the bulla. This

relation depends cliiefly on the want of development of the

posterior portion of the bulla ; and is absent, or obscure, in

Mustela alone. (3) The alisphenoid canal is present in the

true Bears and Ailurus ; absent in all the others \i. e. in all

Mustelidae].

Although these statements have been copied over and over

again in works on the classification of the Carnivora, further

investigation shows that not one of them is exact. The bulla

of Helictis, for example, is as completely divided as in the

Felidfe, and there is a very distinct partition in Grison, Gido,

Mellivora, and other genera, although it is not so complete as in

the typical ^.-Eluroidea. As regards the paroccipital process,

although its prominence and remoteness from the bulla are well

marked in such geneiu as Lutra, Me2)hitis, Mellivora, Meles,

Taxidea, and others, it is in Helictis and Grison as closely

applied to the posterior end of the bulla as in typical Felidfe, and

it is even moi'e confluent with the bulla in Poecilictis than in
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Mustela. Flower's statement about the absence of the alisphenoid

canal may stand with the qualification that the canal may be
retained as an abnormality.

In 1885, Mivart (Proc. Zool. Soc. pp. 363-389) supplemented
Flower's observations with a few additional facts and included

Conejjatii/S, Pmcilogale, and Lyncodon in the list of genera.

Since that date it does not appear that the facts have been
re examined. The observations contained in the following pages,

based mainly on specimens that have died in the Society's

Gardens, may, therefore, be interesting and useful.

The Foramina in the Base of the Skull.

The Alisphenoid Canal.—This tube, as is well known, is

typically absenb in the Mustelid^e. But in one example of

Lutra Intra, I find the remnants of it on the left side of the skull

although the right side is normal. A little distance in front of

theforameji ovale and higher up there is a small orifice through
which a bristle can be passed so as to appear in the apertui'e

common to the foramen lacerum anticum and the foramen
rotundum. The passage is no doubt the homologue of the
alisphenoid canal in the Canidfe, Ursida3, Ailurus, Mungotidse, etc.

Except as an item of evidence supporting the view that the canal

in question is a primitive Carnivore feature, the discovery of it

in a skull of Lutra is of no great moment. As I have elsewhere

pointed out, it may be present or absent in the Hysenida? (Proc.

Zool. Soc. 1916, p. 444, fig. 2).

The Posterior palatine foramina.—The normal position of

these is approximately opposite the inner lobe of the upper
carnassial tooth {pm.*) on the maxillo-palatine suture, along

which they move to a certain extent backwards or forwards.

They hold this position in Maries, Charronia, Giolo, Tayra,
Mellivora, Meles, Arctonyx, Mydaus, and Helictis. In Taxidea
they may be as far back even as the anterior edge of the molar.

In Lyncodon, Grison, Ictonyx, Poecilictis, Lutra, Poecilogale,

Vormela, and Mustela, with its related generic and subgeneric

forms, Gale, PiUorius, Lutreola, they are on the maxilla

approximately opposite poji. 3 and removed from the maxillo-

palatine sutui'e. In Mephitis, Spilogale, and Conejjatus they may
be even nearer still to the anterior palatine foramina, opposite

pvi. 2.

It may be noticed that in all the genera with long jaws like

Meles, Arctonyx, Mydaus, Helictis, and Martes they are set back
on the suture, whereas in some genera with short jaws and often

reduced dentition, like Mustela, Vormela, Grison, and I^utra,

they are set forwards, wholly on the maxilla. Nevertheless this

position is not always correlated with the length of the jaws and
teeth, since they occupy the backward position in Mellivora and
Taxidea.

Their variation in position within the Mustelidse is interesting

in view of their constanc}'' in position in other families of
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Oarnivora. In the Ursidte, Procyoindpe, Caiiicla', and Felidse tliey

ai-e always placed back upon the suture, whereas in the Hytenidtie,

Text-figure 14.

Palates of Gulo guJo (A), Helictis everetti (B), Ileles meles (C), Mephitis sp.

(D), GrisoH (E), MeTlivora ratel (F), showing tlie position of the post-

palatine foramina.

Muiigotidfe, and the large number of genera usually assigned to

the Yiverridse they open on the niaxilla in front of the suture

;
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and in connection with the ^luroid (or Mungotoid) families

cited, it may be noted that the Felidae, which, like Mttstela,

Orison, etc., have shorter jaws and the teeth more reduced

numerically than in any other Oarnivora, they are set back,

whereas in such relatively long-jawed forms as the typical

Viverridse they are wholly maxillary in position.

The Foramen rotundum.—As in the Canidte, this foramen is

visibly separated from the foramen lacerum anticum in profile

view of the skull in Maries, Charronia, G%do, Helictis, and

Taxidea ; but in Mustela, Pictorius, Grison, Lyncodon, Tayra,

Ictonyx, Poecilogale, Mellivora, Meles, Mephitis, and Lutra it is

at most visible as a separate orifice when the orbit is looked into

from the front, lying quite close to the foramen lacerum. anticum

in a depression common to the two. Not uncommonly the two

orifices are confluent owing to the failure of the partition to

ossify, but within the limits of the genus Ictonyx there is

individual or racial variation in this particular, and no doubt the

same is true of other genera.

The Foramen ovale.—The positioii of this foramen with regard

to the orifice of the eustachian tube varies in accordance with the

length of the back of the skull and with the inflation of the

anterior part of the bulla. Typically it is separated by a con-

siderable space from that oi'ifice as in Mustela, Futorius, Maries,

Charronia, Gulo, Tayra, Grison, Mellivora, Meles, Heliciis, and

Lutra ; but in Ictonyx, Fcecilictis, Taxidea, Mephitis, Bpilogale,

and Conepaius the foramen is only separated from the eustachian

orifice by a thin plate of bone.

The Glenoidforamen.—The typical position of this in profile view

of the skull is in front of the external auditory meatus either in

line with it or slightly higher or lower as the case may be. It is

lowest in Taxidea, where it is almost below the lower edge of the

meatus. In Meles it is, on the contrary, almost above the upper

edge of the meatus. In Mustela, Maries, Charronia, Gulo, Tayra,

Mellivora, Ictonyx, Grison, and Lutra it holds intermediate

positions. In Mejjhitis, Spilogale, and Conepaius it is, however,

set right over the middle of the upper rim of the meatus ; and in

Helictis it occupies almost the same position—farther back even

than in the Canidsp.

When the skull is viewed from below, the position of the

foramen also varies with respect to the auditory meatus. In

Helictis, Mephitis, Sjnlogale, and Conepaius it is quite concealed

behind the rim of the orifice. In Maries, Charronia, and Meles

it is just concealed by its anterior rim. In Mustela, Putorius,

Tayra, Ictonyx, Grison, Taxidea, and Mellivora it is just visible

in jfront of the anterior rim of the orifice. In Gido and Lutra it

is exposed in front of the tubular meatus, nearly as far inwards

as in the Ursida\

The Stylomastoid foramen.—Typically this foramen lies on the

inner side of the mastoid prominence and between it and the

inflated portion of the bulla. It is approximately in line Avith
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Text-figure 15,

477

A. Part of the skull of Lutra hitra sliovving the abnormal occun-ence of the
alisphenoicl canal indicated by arrow.

B. Bulla of Selicti.i everetti, the posterior chamber opened from behind showing
the partition (pt.) descending to the petrous.

C. The same from below cut open to show the partition (pt.) running obliquely
between the anterior chamber (a) and the posterior chamber (h).

D. Bulla of Putorius putorius opened from behind, showing the thickened spongy
tissue of the walls and the undivided cavity.

E. Bulla of Lutra lutra showing the partial division of the cavity bj' rafters.

F. The same fi'om below.

Lettering :

—

a, h, anterior and posterior chambers of cavity (in B, C) ; //, glenoid

foramen ; o, foramen ovale
; p, petrous portion of periotic

;
po, paroccipital

process; pt, partition (in B, C) ; r, rafter; t, edge of tympanic annulus.
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the glenoid foramen and some distance from the foramen lacerum

posticum. Its position varies in accordance with the inflation of

the bulla, and every gradation can be traced from Mustela, where
it is thrust far out, to Gulo, Lutra, and Mephitis, where it lies far

in towards the foramen lacerum posticum. It is relatively closer

to the latter orifice in the Skunks than in other genera.

The Internal Structwe of the Aiulitory Bulla.

The bulla of Meles meles may be described as representing a

common type in the family*.

The tympanic ring projects far into the cavity of the bulla as a

large semicircular lamina. The space between it and the roof of

the bulla is divided into chambers by a few vei-tical, arched, bony

plates, arising from the lamina and the superjacent roof and

extending transversely inwaixls on to the inner wall. These may
be called the rafters. There is also a tolerably large plate rising

from the upper side of the tympanic ring in front and extending

horizontally forwards to the bottom of the anterior wall of the

bulla, terminating internally at a point where the bulla touches

the foramen lace7^2{.m viedium. Behind this point the floor of the

cavity is subdivided by low anastomosing ridges into a number of

pockets.

The posterior portion of the tympanic ring lies just above the

fenestra rotunda on the periotic bone ; and the posterior rafter,

rising about one-fourth of the distance from the posterior end of

the tympanic ring, arches high above the periotic, and terminates

about half-way down the inner wall of the cavity. This rafter,

supplemented hy the posterior end of the tjanpanic ring, partially

divides the cavity of the bulla into an anterior larger and a

posterior smaller chamber. Nevertheless there is a wide passage

between them above the periotic bone. The posterior part of the

cavity of the bulla is closed behind, and does not extend beyond

the limits of the bulla as defined externally.

The bulla of Martes martes resembles that of Meles in all

essential respects, the posterior i-after being well developed ; but

in M.foina all the rafters are less well develoiDcd, the posterior

being quite short.

In Charronia flavigula there is only a single rafter arising

from about the middle of the tympanic ring, arching with a

strong concave curve to the roof, then descending to the floor

along the inner wall of the bulla.

Tayra harhara resembles Charronia except that the rafter is

less elevated and less arcuate.

Gulo gulo is very like Meles and Martes martes, but the pos-

terior rafter has the lower edge, not lightly concave as in those

* In this paper the bulla is described as seen when the skull is inverted. Hence

the periotic forms part of the floor of its cavity ; and the cavity is bounded by the

roof above and by the anterior, inner, and posterior walls. Flower described it as

seen when the skull is in its natural position, and I followed that course in the case

of the Felidse (Ann. Mag. Nat. Hist. (8) xviii. pp. 326-334, 1916).
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forms, but horizontal or inclined slightly downwards towards the
inner wall of the cavity. It is thus nearer the periotic bone, and
diminishes the height of the passage between the anterior and
posterior portions of the bulla.

Text-fi"ure 16.

A. Bulla of Tayra harbara opened from behind.

]}. The same of Gulo gulo.

C. The same of 3fartes martes.

T). The same oi ilartesfoina

.

E. The same of Neles meles opened from below in front and behind.

F. The same from behind.

Lettering as in Text-fig. 1-5.

Ltitra lutra, cinerea, haravg, and maculicollis have a very simple

type of bulla, differing from those described above in that the

tympanic ring, in conformity with the comparative flatness of

pROC. ZooL. Soc - 1921. No. XXXIII. 33
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the bulla, is almost in contact with the superjacent portion of the

roof, to Avhich it is attached by two or three very shallow rafters.

The posterior rafter, present in Meles, Gido, and Maries martes,

is undeveloped, the only trace of subdivision of the cavity being-

supplied by a rafter which extends transversely from the ring

along the roof and inner wall of the bulla to a point just behind

the orifice of the carotid canal; and, as indicated on the outside

of the skull, the cavity of the bulla posteriorly is far in advance

of the paroccipital process. Except for its flatness the bulla is

very like tliat of Tayra or Martes foina.

In Poecilogale, judging from a skull with a partially fractured

bulla in the British Museum, it seems that the walls of the bulla

are thin, not spongy, and that the cavity, reaching posteriorly to

the paroccipital, is simple and undivided except by incomplete

raftei-s, and does not communicate with a chamber hollowed out

in the mastoid, which is quite small. This genus therefore has

a simpler, more primitive bulla than is seen in Mustela or in

Ictonyx.

Another type of bulla is found in Gale nivalis, africana, Mustela

erminea, hihernica, and Putorius putorius and furo. The cavity

of the bulla is continuous from end to end, being undivided by

septa ; but it is greatly reduced in size by the thickness ©f its

walls, which, instead of being composed of solid bone, thicker or

thinner, as the case may be, in the genera previously described,

is composed of spongy bone permeated with air-cells. These fill

the entii'e space above the tympanic I'ing, and almost obliterate

the portion of the cavity behind the j^etrous portion of the

periotic and also the anterior part of the cavity. There is no

definite hollow space in the external portion of the periotic ; but

this bone is spongy and porous like the walls of the bulla itself,

and its spaces communicate with the cavity of the bulla.

The bulla of Helictis {H. everettii) is quite unique. The tympanic

ring is fused to the roof but not to the same extent as in

GrisoneUa and Mephitis, its free edge projecting slightly, even in

the middle of its curve, and more so in front and behind. The

anterior rafter resembles that of GrisoneUa ; bvit the posterior

rafter, rising low down on the tympanic ring behind, runs

obliquely forwards and inwards to terminate on the floor of the

bulla just inside the point where the orifice of the carotid canal

opens. Its inferior edge is closely clamped on to the petrous

portion of the periotic except at one point situated externally

towards the stylomastoid, where thei-e is a notch in the partition

rafter close to the Je7iest7'a rotunda. Thus the bulla is completely

divided into two subequal chambers, except where the notch in

question affords a passage between them—a precisely similar

formation to that which is well-known in many ^luroidea. The

posterior chamber has a few low marginal ridges on its inner and

posterior walls, and the anterior end of the anterior chambei' has

a few ridges in addition to the anterior rafter. The external

portion of the periotic is not hollowed.
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The bulla of MelUvora resembles internally that of Meles except
that the cavity is posteriorly in communication by means of a
tolerably large orifice in the anterior part of the hinder chamber
with a smooth-walled cavity hollowed out in the periotic behind
the stylomastoid foramen. The posterior rafter is deeper and

Text-figure 17.

A. Bulla of Ictonyx opened from below, the arrow showing the passage between the

cavitj' and the hollow in the external portion of the periotic.

B. The same of Fcecilictis opened from behind, showing- the extension of the cavity

into the occipital and mastoid.

C. The same of 3feUivora opened from below, the arrow showing the passage

between the cavitj' and the small hollow in the external portion of the

periotic.

D. The same opened from behind.

Lettering as in Text-figs. 15 and 16.

more arcuate than in Meles, and forms a half-partition between

the anterior and posterior portions of the cavity of the bulla

—

and beliind it on the inner side a vertical crest of bone juts out

from the inner wall of the bulla.

33*
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Ictonyx is like Mellivora except that there is no crest behind

the partition on tlie inner wall of the bulla; and the related

genus Pcecilictis only differs in the greater size of the supple-

mentary chamber in the periotic and of the space above the

tympanic ring.

Taxidea is like Pcecilictis. In confoiinity with the great

inflation of the bulla the space between its roof and the tympanic
ring is very high and septate. The posterior i-after is continuous

with the posterior edge of the tymjoanic ring, and descends so low
that only a small passage is left between its inferior arcuate edge

and the periotic. A posterior chamber is thus cut off almost

as completely as in some ^luroids. This posterior chamber is

extended anteriorly above the tympanic ring on the inner side of

the stylomastoid foramen, and it communicates hj a. wide passage

with a large cavity, larger than in Mellivoi-a, hollowed out in the

periotic between the mastoid and paroccipital processes.

Thus the bulla of Taxidea is very different from that of Meles,

and not essentially like it as Flower stated. It is much more
like that of Mellivora, although the partition is better developed

and the periotic hollow much larger. In Mellivora, too, the

posterior chamber is not extended forwards above the tympanic
ring on the inner side of the stylomastoid.

In Grisonella (sp. from Cordova in the Argentine) the roof of

the bulla is depressed on to the tympanic ring, and fused with it

practically throughout its extent except for the presence of one

or two very small cellular spaces in front and behind. The
anterior rafter is very large, and lising from the summit of the

anterior part of the tympanic ring, descends obliquely downwards
and inwards, dividing the anterior part of the cavity, which is

further broken up by anastomosing ridges, into an upper and a

lower portion. Just behind the posterior end of the ring but

confluent with it arises a comparatively large arched rafter which,

crossing the loof, descends along the inner wall of the bulla,

dividing the cavity into an anterior and posterior chamber
which comrnunicate by a comparatively narrow passage above the

periotic. The posterior chamber has septa on the inner wall and
anastomosing ridges on the floor, and anteriorly just behind the

main transverse septum formed by the posterior rafter there is a

passage by which the iiosterior chamber opens into the hollowed

external portion of the periotic. The floor of this hollow is

uneven with ridges and shallow pits.

It is interesting to note that the bulla of Grisonella is widely

difterent from that of Tayra, although the two genera were
formerly regarded as identical. In possessing a hollowed periotic

chamber communicating with the cavity of the bulla, Grisonella

resembles Mellivora, Ictonyx, and Taxidea, and is further like the

latter in the origin of the posterior rafter from the posterior end

of the tympanic ring. But in none of these genera is the ring

confluent with the rOof of the bulla as it is in Gi^isonella.

A skull of Lyncodon, with a broken bulla, in the Bi'itish
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Text-fio-nre 18.

483

A. Bulla of Taxidea opened from behind, sliowing; the nearly complete partition

between the posterior and anterior chambers, and the extension of the

posterior into the external portion of the periotie.

B. The same of Gvisonella sp. opened from below, showing the extension of the

posterior chamber into the external portion of the periotic.

C. The same opened from behind, showing the complete partition and the extension

of the posterior chamber into the external portion of the periotic.

D. Bulla of Mephitis opened from below showing the absence of partition, the

arrow indicating the passage from the cavity into the hollow of the external

portion of the periotic.

E. Hollow in external portion of periotic of Mephitis opened from the outside.

F. The same of Conepatus.

Lettering as in Text-fig. 15, with the addition of o, the orifice bj- which

the cavity of the bulla opens into the periotic hollow.
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Museum shows that the cavity is broken up by trabeculse into

spaces which extend into the mastoid. It is not possible, how-
ever, to ascertain from this specimen whether the cavity, before

fracture, was divided by a- partition into two chambers as in

Grisonella or not.

In Mephitis, Spilogale, and Conepatus the bulla is still more
peculiar. As in Grisonella, the tympanic ring is fused with the

roof of the bulla and the cavity of the latter is a hollow space,

with at most a few septa or bony ridges, which is closed just

behind the periotic by a thickish wall of bone lying between the
stylomastoid foramen and the foramen lacerum posticiton ; bu.t

opposite the outer side of the periotic there is a tolerably large

oval orifice by which the cavity of the bulla communicates with
a large hollow space occupying the expanded area of the skull

between the auditory orifice and a point on the occipital crest

above the paroccipital process. Behind the bulla externally there

is a tolerably long, flat area running back to the paroccipital

process, which, as in Lutra, is placed some distance behind the

bulla.

In Mephitis and Spilogale the cavity in the periotic runs inwards
by means of a narrow passage up to the foramen lacerum pos-

ticum, and the posterior margin of the orifice, by which the cavity

communicates with the bulla, is produced into a crescentically

curved ridge of bone. This ridge and the naiTow passage running
to the foi-amen lacerum posticiom are absent in Co7iepatus proteus,

the walls of the cavity being undiS'erentiated.

In the British Museum there is a skull of Mydaus with a
broken bulla, which seems to show that in essential points the

bulla of this genus resembles that of Mephitis. The cavity of the

bulla, for instance, comes to an end posteriorly just behind the
petrous portion of the periotic, and on the outer side of this bone
there is an orifice by means of which the cavity of the bulla

communicates with the hollowed mastoid portion of the periotic.

The following table summarises the principal variations in the
structure of the bulla :

—

a. Cavity of bulla closed behind, not communicating with a hollow
space in the external portion of the periotic, the latter being
solid or nierel}' permeated with air-cells.

h. Bulla distinctly divided into two subequal chambers by a
bony partition running obliquely inwards and forwards from
posterior end of tympanic ring to carotid foramen, the two
chambers communicating by means of a notch in the lower
edge of the partition behind posterior end of petrous portion

of periotic Selictis.

h' . At most an incomplete partition passing transversely from
posterior portion of tj'mpanic ring to i\\&foramen lacerum
posticwm.

c. Walls of bulla exceedingly thict, permeated everywhere
with air-cells. No partition Musfela, Putorms, lyo7'meIa'\.

c'. Walls of bulla thin, without noticeable air-cells,

d. Tympanic ring closely applied to roof of bulla, the pos-

terior end of which is far in advance of the paroccipital. Ijutra,
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d'. Tympanic ring projocting ass a strong semicircular ridge
into cavity of bulla and attached to its roof by septa
vvliicb, rat'ter-like, pass inwards and downwai'ds along
roof and inner wall of the cavity.

e. Cavity very incompletely divided by a median rafter
arching high above the tympanic ring, leaving a wide
space between its inferior edge and petrous portion
of periotic Martesfoina ; Charronia; Tayra.

e'. Cavity much more completely divided by an additional
rafter, the inferior edge of which extends nearly hori-
zontally inwards and approaches much nearer the
petrous portion of the periotic Martes martes ; Gulo ; Meles.

a'. Cavity of bulla opening behind into a larger or smaller hollow
space in external part of periotic.

f. Cavity undivided, communicating with periotic hollow by
means of a well-denned orifice opposite outer side of petrous
portion of periotic (tympanic ring fused with roof of bulla).

g. Walls of periotic hollow undifferentiated Conepatus.

g'. Walls of periotic hollow with crescentic ridge and a passage
reaching inwards ioforamen laceriini posticum Mephitis, Spilogale.

f'. Cavity more or less divided by rafter-like partition into an
anterior and a posterior chamber, the latter opening into
hollow of periotic.

7i. Tympanic ring fused with roof of bulla ; a very narrow
space, nearly filled by the periotic between the two
chambers; the chambers much broken up by trabeculse . . . Qrisonella.

h'. Tympanic ring projecting into bulla, the structure of which
closely resembles that described under heading d'

.

i. Periotic hollow smaller, only reaching to a point half-

way between paroccipital and tip of mastoid Mellivora.

i'. Periotic hollow larger, extending to tip of hollow
mastoid.

k. A bony septum separating posterior chambers of the
bulla from periotic hollow behind and leaving a

comparatively narrow passage of communication in

front ; inferior edge of partition betw^een chambers
of bullae evenlj' concave Ictonyx.

Tc. Posterior chamber of bulla and periotic hollow
confluent throughout their extent ; inferior edge

of partition between chambers angularly arcuate

over petrous.

I. Bulla abutting behind against nearly obsolete par-

occipital and confluent in front with hamular
process of pterygoid, as in Ictonyx Pcecilictis.

I'. Bulla not reaching the stout, projecting parocci-

pital, and ceasing in front far behind hamular ... Taxidea.

The three genera Poecilogale, Lyncodon, and Mydaus have heen

omitted from the table because from want of material my exami-

nation of the bullae was imperfect. So far, however, as the

available evidence goes they would fall provisionally as follows :

—

Poecilogale under d alongside Lutra because the roof of the

bulla is thin and close to the tympanic ring, and its cavity is

undivided and not in communication with a hollow in the

periotic. The shape of the bulla is, however, very different from

that of Lutra. It is long, abuts against the paroccipital behind,

and has a short auditory tube as in Mustela. Its likeness to the

bulla of Lutra is no evidence of affinity between the two genera.
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It merely means, in my opinion, that they have inherited bullae

of a primitive kind, derivable fi'om the Martes-Tayra type, the

flattening in the two cases having been independently acquired.

Lyncoclon must be provisionally placed alongside Grisonella, and

Myclaus with Mephitis, Sjnlogcde, and Conepatus.

Since such otherwise dissimilar genera as Meles and Galo or

Martes have similar bullae, it is probable that that type of bulla

is the most primitive in the Mustelidae. The rest of the bullaj

may be derived fronr it by modifications in different directions.

The flattening down of the roof on to the tympanic ring and the

shoi'tening of the posterior portion of the cavity gave rise to the

bulla of Lutra ; similar flattening of the roof and the development

of a complete oblique partition to that of Helictis ; thickening of

the walls with spongy bone filling the spaces between the main
sejDta to that of Mustela • and the openiug of the posterior

chamber into the hollow of the periotic to that of Mellivora.

From the latter may be derived the bullae of Ictonyx, Poecilictis,

and Taxidea by extension of the periotic space, and in the case of

Grisonella t\\\s was accompanied by the flattening of the bulla and
the confluence of its roof with the tympanic ring and reduction

of the posterior chamber. The bulla of Mephitis and other

Skunks may also be derived from the type seen in Mellivora by
the disappearance of the partition behind the petrous portion of

the periotic, shortening of the portion of the cavity behind it,

and the forward movement of the orifice by which the cavity

communicates with the greatly enlarged periotic hollow.
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25. On the Venous S3'steni of the Lizard Varanus hengal-

ensis (Daud.). By GoBiND Singh Thapar, M.Sc,
Professor of Zoology, Canning (College, Lucknow*.

[Received April 5, 1921 : Read May 10, 1921.J

(Text-figures 1-4.)

The only data we possess concerning the venous system of the
genus Varanus appear to be contained in the work of Corti,
' De Systemate Vasorum Psammosauri grisei,' 1847 (which I have
not seen ; the observations ax-e reproduced in Bronn's Thierreicb,

voL vi. Abt. iii. Reptilien, by C. K. Hoft'mann, p. 1010); Hoch-
stetter, ''Beitriige zur Entwickelungsgeschichte desVenensystems
der Amnioten, II. Reptilien {Lacerta, Iropidonotus)," Morph.
Jahrb. xix. 1893, p. 464 (mainiy the renal and hepatic portal

systems of V. arenarius, according to Beddard a synonym of

V. griseus) ; Beddard, " On the Venous System in certain Lizards,"

P. Z. S. 1905, i. p. 447 ( F. griseus), and Beddai-d, '''On the Vas-
cular System of Heloderma, with Notes on that of the Monitor?
and Crocodiles," P. Z. S. 1906, ii. p. 610 {V. griseus, niloticus,

and exanthematicus)

.

These descriptions, however, do not completely apply to the

present species, V. hengalensis, common in and near Lucknow,
and it seems desirable, therefore, to record the results of my
investigation.

Besides ordinary dissections, injections were made through

the anterior abdominal vein, using a thick solution of gum arable

to which a little colouring matter—carmine or methyl blue

—

was added. The iluid passes completely into the system, and it

is easy then to dissect out even the finer vessels. I have used

this fluid in preference to gelatine, as it can be employed cold,

and sets satisfactorily after being placed for a short time in

alcohol, swelling the vessels. I have to thank Prof. H. C. Ahuja,

of the Central Hindu College, Benares, for supplying me with

the necessary literatiu^e ; and my grateful acknowledgments are

due to my friend Mr. S. K. Zibbu, of the Lucknow Christian

College, for the assistance he has given me in the course of my
work.

I. The System of the Anterior Vena Cava (text-fig. 1).

(1) The External Jugular Vein (e.j.). It is stated that this

vein is ordinarily absent on the left side in Lacertilia ; in the

present species, however, it occurs on both sides, the vessels

running parallel on each side of the trachea. It joins the internal

jugular at the base of the neck. The external jugulars com-

municate with each other by four transverse connections, the

plexuses. The first plexus is situated at the level of the thyroid

gland, close to the place of union of the external with the internal

* Communicated by Dr. J. Stephensok, F.Z.S.
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jugular vein. The second plexus occurs a little higlier up, near-

the hyoid, from which it receives branches (h.). The third and
fourth plexuses are near each other, on the floor of the buccal
cavity. The formation of plexuses between the external jugular
veins is essentially an avian character, and I am not aware that
it has hitherto been described in any Lacertilian.

The Anterior Vena Cava and its branches.

a.v.c, anterior vena cava; a»i., antebrachial; br., brachial; e.J., external

jugular; 7i., hyoidean ; t.^'., internal jugular; /., lateral vein
; j?., pectoral

;

pr.br., prebrachial ; s., subclavian ; ss., subscapular.

(2) The Internal, Jugular Vein (i. J.) receives a short vessel, the
lateral vein (?.), from the hinder region of the neck.

(3) The Prebrachial (pr.br.) joins the vena cava at the junction
of the neck with the body. It is a vessel of fair size, running
along the preaxial border of the arm.

(4) The Subclavian Vein (s.) is a very large vessel running
along the postaxial side of the arm ; it receives many branches
from the arm, shoulder, and chest, the chief of which are

(a) Subscapular (ss.), from the muscles of the back,
(b) Pectoral (j>-), from the pectoral muscles,

(c) Brachial (br.), from the arm and hand,
(d) Antebrachial (an,), from the forearm.

(5) The Azygos Fein (text-fig. 3,az.), which enters the right

anterior vena cava, is a fairly large vessel formed by the union of

two branches, a vei-tebral (v.) from the vertebral column, and a

parietal (pa.) from the body-wall. Beddard states that in

V. griseus the parietal branch of the azygos is connected with
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the suprarenal portal ; there is, however, no such connection in

V. hengalensis. The lateral jjcorietcd vein{l.pa.), running laterally

along the bod)--wall, communicates with it ; behind, this vein

forms an anastomosis with the dorsal parieto-hepatic vein. The
vertebral branch of the azygos disappears from view at the side

of the vertebi-al column.

II. The Posterior- Vena (Java (text-fig. 4).—This vessel begins at

the hinder end of the body a little behind the kidneys, and bifur-

cates into two branches, each of which runs in a groove along the

ventral surface of the kidney. Leaving the kidneys ("posterior

cardinals," Beddard) they traverse the suprarenal bodies, beyond
which they again unite. The vessel passes through the appendage
of the right lobe of the liver and discharges into the sinus venosus.

The anatomy thus indicates the origin of the posterior vena cava

from two originally distinct vessels, the fusion of which to form
a single trunk is here still incomplete.

III. The Hepatic Portal System (text-fig. 2) is peculiar in the

present species. Yhe fetnoral vein {/.) is formed by the union of

several small vessels from the muscles of the leg and the pelvis

;

on entering the trunk it divides into two branches, the pelvic, and

one Avhich I propose to call the ischio-mesenteric. The pelvic

vein (p.) runs forward along the inner border of the corpus

adiposum of its side, and after receiving the sciatic (sc.) from the

posterior region of the leg and a varying number (4-5) of veins

from the fat-bodies (f^-fj, unites with its fellow of the other

side to form a median abdominal vein ; the pelvic vein also

receives two or three dorso-lumbar veins from the body-wall.

The epigastric veins (ep.v.) are two in number, and are described

by Beddard as originating in V. griseus from the sciatic veins.

In the present species I find that they arise from the pelvic

;

each is a fairly long narrow vessel running dorsally over the fat-

body, from which it receives a few branches. It then curves

backwards, and again forwards, assuming a position ventral to

the fat-body, and, receiving many branches from the parietes,

proceeds forwards to open into the corresponding lobe of the

liver at its anterior ventral margin. Before entering the liver

each is joined by a ventral parieto-hepatic vein from the ventral

body-wall.

The anterior abdominal ventral vein (a.a.), formed by the union

of the pelvic veins, is a single vessel throughout its course, and

joins the hepatic portal vein.

The other branch of the femoral, which I have called the

ischio-mesenteric (r.), is an altogether new vessel, not so far

described by any observer. It I'eceives a small offshoot (s.) from

the hypogastric, and runs along the rectum, receiving minor

branches from the rectum and caecum. In front of the csecum

the two ischio-mesenterics unite to form one of the main roots

of the hepatic portal vein.



490 PROF. G. S. THAPAR ON THE

The hepatic portal veAn (h.p.v.) forms two complete loops in the

mesentery of the small intestine (text-lig. 2) ; in the course of the

second loop it receives splenic, pancreatic, and gastric veins. It

runs forwards to the hinder end of the median sulcus of the liver,

and after receiving the anterior abdominal vein divides into two
branches, one entering each lobe of the liver towards its dorsal

side.

Text-fieure 2.

The Hepatic Portal Vein and its connections.

Art., anterior abdominal vein; c, caudal; ep.v., epigastric; f., femoral;

^1-/4, veins from the fat-body; Ji., hypogastric; h.p.v., hepatic portal vein
;

p., pelvic; sc, sciatic; r., ischiomesenteric ; i, 2, 3, 4, 5, veins forming

the hepatic portal; 6, gastric; x., connection between hypogastric and
ischiomesenteric veins.

It would thus appear that all the blood from the limbs and
alimentary canal passes through the liver before entering the

postexuor vena cava. A large part of the blood from the hinder

region passes along the ischio- mesenteric vein into the liver, while

a small part enters the kidneys by way of the hypogastric veins.

Thus while the hepatic portal system is increasing in complexity

the renal portal is reduced. The short connection between the

hypogastric and ischio-mesenteric veins would allow the blood to

flow from the ischio-mesenteric to the hypogastric or vice versa
;

but the possibility of a flow into the hypogastric is perhaps

diminished by reason of the direction of the connectinof vessel,
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taken in conjunction with the forward stream into the hypogastric
from the taiL

Tlie dorsal 2Jcirieto-hepatiG vein (cl.p.v., text-fig. 3). The right

lobe of the liver has a small elongated appendage on the dorsal

side towards its hinder end, which encloses in its whole length the
posterior vena cava. Into this appendage opens a vessel from the

Text-fio'ure 3.

The Veins in connection with the Liver.

d.jj.v., dorsal parieto-hepatic vein ; ey., epigastric
;

gJi., gastro-hepatic

;

/(., hepatic xein;p.v., posterior vena cava; v.pJi., ventral parietohepatic

veins.

dorsal body-wall, the dorsal parieto-hepatic vein, supported by a

pocket-shaped fold of peritoneum which, as in Iguana and

Heloderma, attaches the appendage to the body-wall. This vein

is described by Hochstetter, and by Beddard, who finds it in other

species of Varanus, in the same position. The dorsal parieto-

hepatic is formed by the union of the dorso-lateral vein from the

body-wall with a vertebral vein from the vertebral column ; the

dorso-lateral forms an anastomosis with the parietal vein, as

previously stated

.

Another vessel opens into the left lobe of the liver at its

extreme anterior tip—the gasiro-hejxotk igji.), coming directly
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from the stomach. Hochstetter noted its position in V. griseus^

and Beddard in T^. nilotictis and exanthematicus . I find exactly

the same state of affairs in V. bengalensis.

The ventral parieto-hejjatic veins {v.p.h.) are three in numbei'.

Two of these are laterally situated, and are connected with the

corresponding epigastric vein close to its entrance into the liver.

The third is a median vessel from the hinder end of the body,

which receives smaller branches from the sides and enters the

liver at the median sulcus near its anterior end.

IV. The Siq^rarenal Veins (text-fig. 4, i, 2, 3).—The suprarenal

bodies are situated in front of the kidneys, and each encloses the

Text-fiarure 4.

The Posterior Vena Cava and its connections.

c, caudal vein; h., hypogastric; Tc., kidneys: p.v., posterior vena cava;

s.f., suprarenal body ; 1,2,3, veins forming the suprarenal portal system.

corresponding bi'anch of the posterior vena cava. Each has its

own blood-supply ; the right suprarenal portal system consists of

three veins: one formed by the union of three vessels of the

lateral body-wall ; the second, from the body-wall near the

vertebral column ; and the third, from the omentum. The left

suprarenal portal is formed by two veins only, the vein which on

the right side runs close to the vertebral column being absent.

The chief peculiarities of the venous system of Varmms bengal-

ensis are thus :

—

(1) The presence of jugular plexuses like those of birds, formed

by the external jugulars.

(2) The azygos vein joins the right anterior vena cava, and

one of its branches forms an anastomosis with the dorsal parieto-

hepatic veins.

(3) Presence of an ischio-mesenteric vein, and consequent

complication of the hepatic portal system.

(4) The origin of the epigastric veins from the pelvic and not

from the sciatic.



ABXOKMALITIES IN THE COiMMON FROG. 493

26. Abnormalities in the Common Frog (Bana iemporaria)

.

By J. H. Lloyd, M.Sc, F.Z.S., Zoological Depart-

ment, University College, Cardiff".

(Text-figure 1.)

[Received .January 1.3, 1921 : Read April 5, 1921.]

Both specimens described in the following notes were dis-

covered on dissecting a number of frogs for'class purposes at the
beginning of the present session.

Specimen A. Persistence of the right Posterior Cardinal
vein in an adult male Rana temporaria.

The occasional persistence of the posterior cardinal vein was
first noted by Howes (2) in 1888, in an adult female Rana
temperaina. In this specimen the postcaval vein was normalh'-
developed and the persistent left posterior cardinal functioned
as an azygos vein. The cardinal was continuous posteriorly with
the renal portal vein. According to Parker (6), Howes afterwards
came across another frog in which on almost similar arrangement
occui'red.

In the following year Parker (6) described a male frog with
a persistent left posterior cardinal vein, in which the hepatic
veiiis opened direct into the sinus venosus.

In 1905 Woodland (7) described a male. i?fm« temporaria in
which a large posterior cardinal vein persisted which was
continuous posteriorly with the enlarged right i-enal portal vein.

The venous blood was supplied to both kidneys by the left renal
portal only.

O'Donoghue (4 & 5) has described eight cases of the persistence

of posterior cardinal veins in adiilt fi'ogs. Seven of his specimens
were males (six Rana temporaria and one Llmnodynastes ]}eronii),

and the other was a female Rana temporaria. The majority of

his specimens in addition exhibited abnormalities of the renal
portal veins.

Description of Specimen A.

This specimen exhibits a persistent right posterior cardinal

vein which runs from the anterior of the interrenal poi-tion of

the postcaval vein, and opens anteiioily into the subclavian vein
about halfway along its length. The interrenal vein is normally
developed and receives the renal and spermatic veins from the
kidneys and spermaries of right and left sides. There is abso-
lutely no trace of the left posterior cardinal vein or of the
postcaval vein anterior to the kidneys. The renal portal veins
exhibit no a,bnormalities.
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The liver in this specimen is also peculiar. The left lobe is

normally developed and the left hepatic vein opens directly into

the sinus venosus. The right lobe is an elongated, slightly

dorso-ventrally flattened, cylindrical structure which is anteriorly

directed and terminates near the posterior edge of the mylohyoid
muscle. This lobe is divided into two portions by a transverse

constriction. About halfway along its length on the mesial

side of the dorsal surface, a hepatic vein runs out and opens into

the right precaval vein. The internal and external jugular veins

enter the precaval together dorsal to the abnormal lobe of the

liver.

As far as I can ascertain this is the only case yet recorded of a

hepatic vein opening into a precaval. This irregularity is

obvious]}^ due to the abnormal condition of the liver.

Text-tigure 1.

Sketch of specimen A from ventral surface, sliewing persistent right posterior

cardinal vein and abnormal liver. B.V. brachial vein ; G.B. gall-bladder
;

I.R. interrenal vein; L.H.V. left hepatic vein; L.L. left lobe of liver;

P.C.V. right posterior cardinal vein; R.H.V. right hepatic vein; R.L. right

lobe of liver ; S.Y. subclavian vein.

According to Hochstetter (1) the posterior portions of both

posterior cardnial veins fuse in Amphibia to form the interrenal

( " Urniere ahschnitte '

)
portion of the postcaval, the anterior

portion (" Leherabschnitt '') of the latter being formed by a venous

connection between the anterior end of the interrenal vein and

the tip of the liver. It is suggested that in the specimen

described above the foimation of this venous connection was
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interferred with by the growth of the liver towards the anterior
end of the animal. (Kerr (3) has pointed out "that in
Lepidosi7'en and Protopteriis, the tip of the liver is in contact,
and fused, with the tip of the right kidney.") This necessitated
the persistence of one of the posterior cardinal veins to carry on
the functions of the postcaval in returning blood from the
posterior end of the body.

It is interesting to note that this specimen being a male
supports O'Donoghue's (4) suggestion that the absence of the
postcaval and persistence of a posterior cardinal vein appears to

be correlated with the sex of the animal.

Specimen B. Abnormal Genital Organs in a male

Rana temporaria.

This specimen possessed a greatly hypertrophied testis, which
completely covered the left kidney, when viewed from the ventral

surface. There was absolutely no trace of a testis on the right

side, but the fat-body on both sides was well developed, that on
the right side being attached to the kidney.

The right kidney was about one-eighth of an inch shorter than
the left, and was distorted in such a way as to give it a

cylindrical appearance, and to cause the ureter to run on the

dorsal surface instead of on the outer edge. Both kidneys were
so closely apposed that it was difficult to ascertain whether there

was any actual fusion. Thei'e was a well developed seminal
vesicle attached to each ureter, and from the fact that both

seminal vesicles Avere apparently filled with sperms it seems
probable that there was some degree of fusion.

The left renal portal vein was normal but the right renal

portal Avas much reduced in size.

Literature.

1. Hochstetter, F.—Beiti^age zur vergleichenden Anatomic und
Eutwicklungsgeschichte des Yenensystems der Amphibien
und Fische. Morphol. Jahrb. Bd. 13, 1888.

2. HowES, G. B.—Note on the Azygos Vein in the Anurous
Amphibia. Proc. Zool. Soc. 1888, p. 122.

3. Kerr, J. Graham.—Note on the Posterior Vena Cava in

Polypterus. Proc. Boy. Physiol, Soc, Edinburgh, vol.

xviii. 1910.

4. O'DoNOGHUE, C. H.—The Persistence of Posterior Cardinal

Veins in the Frog, together with some Remarks on the

Significance of the Renal Portal System. Anat. Anz. Bd.

36, 1910.

5. O'DoNOGHUE, C. H.—Further Instance of the Persistence of

Posterior Cardinal Veins in the Frog. Anat. Anz. Bd. 43,

1913.

Proc. Zool. Soc— 1921, No, XXXIV. 34



496 ABNORMALITIES IN THE COMMON FROG.

6. Parker, W. N.—On the Occasional Persistence of the left

Posterior Cardinal Yein in the Frog, with Remarks on the
Homologies of the Veins in the Dipnoi. Proc. Zool, Soc
1889, p. 145.

7. "Woodland, W.—On a New Mode of Persistence of the
Posterior Cardinal Yein in the Frog : with a Suggestion
as to the Phylogenetic Origin of the Post-caval Vein.
Zool. Anz. vol. xxviii. 1905.



THE ANATOMY OF THE TONGUES OF THE MAMMALIA. 4'.)7

27. The Comparative Anatomy of tho, Tongues oE the

Mammalia.— IV. Families 3 and 4. Cebidpe and Hapa-

lidse. By Charles F. Sonntag, M.D., F.Z.S.,

Anatomist to the Society.

[Received April 15, 1921 : Eead May 24, 1921.]

(Text-figures 37-52.)*

Contents.

rage
I

Page
Introduction 497

[

Genus Caeajao 514
Family Cebidse 497

!
Genns AJouatta 515

Pigmentation 497 < Summary 516
Genus Cehus 498 Family Hapalidse 517
Genus Ateles 502 Genus Hapale 520
Genus LagotJirix 506 Genus Leontocehus 520
Genus Saimiris 509 ', Genus 3Ii/stax 523
Genus Callicebus 509

|

Genus CEdipomidas 523
Genus J o^MS 511 Summary 523
Genus Fithecia 512

j

Bibliography :,. 524

Introduction.

The literature of the Cebidae and Hapalidfe contains several

papers on the tongues of Cebus, Ateles, and Gallithrix (=IIa2xde),

I)ut few on those of other genera. The objects of this paper,

which is based on fifty-five specimens, are to supplement existing

accounts, and describe several tongues for the first time.

The tongues of the Oebidce and Hapalidse resemble those of the

Cercopithecidse in the characters of the apex and lateral boi'ders

;

and they agree with them in that the foramen caecum, lytta, plicae

fimbriatee, and apical gland of Nuhn or Blandin are absent.

I have given the measurements of fresh specimens only, for a

list of the dimensions of j^reserved ones is worthless.

I have employed Pocock's nomenclature (12) for the Hapalidse.

Family C E B i D ^.

Pigmentation.—Many of the tongues of the Cebidte are

pigmented, and the colour is evenly distributed over the entire

dorsum, or arranged in a definite pattern; on the inferior surface

it covers the parts around the frenal lamella which, as a rule, is

colourless. The vallate and fungiform pnpillaj may be colourless

or pigmented.

If several specimens of each pigmented species are examined it

will be seen liow the distribution of the pigment varies greatly,

so the colour is of no value for purposes of classification.

* The explanation of the lettering of the Text-figures is given in the text.

34*
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Se\^eral forms of pigmentation are shown diagrammatically in

text-fig. 37, but the descriptions are given with each species.

Text-figure 37.

Patterns of pigmentation of tlie tongue : A. dorsum ; R. inferior surface.

Genus Cebus.

The Brown Gafvohin {C. fatttellus).

The largest of three specimens exhibited the following measure-

nnents:—total length 5-45 cm.; length of the oval part 3-9 cm.

;

length of the pharyngeal part 1-55 cm.; width between the

lingual attachments of the palato-glossal folds 2-1 cm.

The Circumvallate Papillce.— Specimen No. 1 (text-fig. 38 A, E,.

& F).—Three papillfe form an isosceles triangle with the apox

behind. Each lies in the centre of a low, flat, circular elevation

which is crowded with small cylindrical conical papilla-. Only a

small part of each papilla projects beyond tlie vallum. The basal

papilla is level with the lamina? of the posterior lialf of its corre-

sponding lateral organ. Specimen No. 2 (text-fig. 39 A).—Five

vallate papilla? form a V. The anterior papilJpe are circular and
large, the posterior papilla is large and oval, and the mesial

papilla) are small and circular. All are i-ecessed within their

well-marked fos'Sie,

The Fungiform PapiUce (text-fig. 38 A, B, & H).—The papillfe,

which have a peai-ly appearance, form a dorsal bounding zone on
which they have the usual arrangement in rows and clusters,

but the transverse rows extend far forwards at the expense of

the apical cluster. On the inferior sui'face there aie two rows

—

an inner one of closely- set large papillfe, and an outer row of small

discrete ones (text-fig. 38 B, h).

They are hemispherical, flat, or provided with a central eleva-

tion, and none are overlapped by conical papilla?.
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The Conical Papllke (text-fig. 38 A, B, & G).—Although they

have the usual distribution according to size, and theiv points

run in the usual directions, they are irregular in arrangement on

the oral part of the dorsum. They are disposed in oblique chains

on the base of the tongue. This lack of definite arrangement in

clusters and rows on the oral part of the dorsum is very common
on the tongues of the Cebidse, and rare in the Cercopithecidte.

On the lateral borders and inferior surface they are a ery closely

aggregated, but have no definite arrangement.

They are filiform or cylindrical, and haye one or more points.

LymjjJioid Tissue and Glands (text-fig. 38 A, a).—The base of

the tongue is covered with nodules, or is delimited by a crescentic

zone of elevations. A few orifices of ducts and pits are present.

Text-fisuve 38.

^mn^

AfTA.^! /^ .

The tongue of Cebicsfaiitellus.

The Lateral Organs (text-figs. 38 D and 39 B & C).—The

tippearances vary greatly in difterent examples. They may form

concave bodies on the sides aird dorsum (text-fig, 38 D), convex

bodies on the sides and dorsum (text-fig. 39 B), or long rows of

laminfB and sulci on the inferior surface (text-fig. 39 C); the

concavities or convexities face the lateral vallate papilh'e (l.v.p.).

The lamina are rounded or pointed, and many are traversed by
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secondary sulci. In two specimens the following measurements,
etc., were observed :

—
Length. Lamince. Sulci.

Specimen No. 1.

E,ight organ 1-1 cm. 9 10
Left organ '9 cm. 10 11

Specimen No. 2.

Right organ 1-1 cm. 9 10
Left organ o. '8 cm. 12 13

The Frenal Lamella (text-figs. 38 B, a, and 39 D).—The tri-

angular lamella has a bifid apex, and the edges, which extend
postero-laterally as far as the middle of the lateral organs, may be
plain or have long sharp processes. The free part, which is

triangular on section (text-fig. 38 I), has a ridge on its upper
surface.

The Ventral Papillary Border (text-fig. 38 B, h) is narrow, and
the arrangement of its conical and fungiform papillse has already

been described.

Text-figure 39.

The Ventral Mesial Stdcus (text-fig. 38 B, c and 0) is narrow
and deep anterior to the fi-enal lamella (text-fig. 38 A, c).

Posterioi'ly it is wide and triangular (text-fig. 38 C) and lodges

the ridge on the upper surface of the lamella.

The frenimn is short and thick. It passes along with the

lamella into the wide part of the ventral median sulcus.

The White-fronted Capuchin (C. alhifrons).

The following vieasiireme^its refer to the larger of two
specimens :—total length 3"6 cm. ; length of the oral part 3-1 cm.

;

length of the pharyngeal part "5 cm. ; width between the lingual

attachments of the palato-glossal folds 1*6 cm.

The Oircumvallate Pa2oill(B (text-fig. 40 A).—Three papillfe

form a triangle, but none are situated on elevations as in

C. fatuellus. The basal papillae are circular, glistening, and
slightly retracted, but the apical papilla is deeply re'cessed (a).

The fossae are all well-marked and the Valiums are nodulated.

The right basal papilla (h) is compound, but all the others are
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simple (c). The vallate area is crowded with conical papillae, and
a fungiform papilla bisects the base.

The Fungiform Papillce have a similar arrangement to those of

C. fatiiellus, and exhibit the same characters.

The Conical Fcqnlloi have no definite arrangement in clusters

and rows, but they increase in size in the usual manner. None
overlap the vallate and fungiform papillse.

Lymphoid Tissue and Glands.—The base of the tongue is

covered Avith nodules, but no duct orifices are visible through the
lens. They are intermingled with conical papillae.

The Lateral Organs lie on the dorsum and lateral borders of

the tongue, and are curved with the convexities forwards. Their
surfaces are smooth, and some are traversed by secondary sulci.

The inner ends of the laminae are pointed. Both organs have
nine laminae and ten sulci.

The Lnferior Surface.—The ventral 2^(!''pillO''>"y border is narrow
round the apex, and widens on the edges of the inferior surface.

Text-figure 40.

-^"^ 0°°°°

C. 6.

The vallate papillae of Cebus alhifrons.

Its fungiform papillae are arranged in two rows as in C.fatuellus^

The ventral mesial sidcus is short, narrow, and deep. It opens

posteriorly into a triangular fossa, which also i-eceives the frenum.

The frenal lamella is triangular, with a bifid apex and serrated

edges which extend postero-laterally as far as the middle of the

lateral organs.

The Weeper Capuchin (C. capucinus).

Several authors have described the tongue of C capucijizis, and

the following arrangements of the vallate papillte have been

recorded :

—

(1) Three papillae in a triangle Mayer (4).

(2) Four papillae as a double-pair Mayer (4).

(3) Three papillae in a triangle Flower (3).

(4) Three papillae in a triangle (in 5 cases) ... Miinch (5).

The White-throated Capuchin (C. hypoleucos).

Tuckerman (9) described the macroscopic and microscopic

appearances, and recorded three papilla? in the form of a triangle.
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The Horned Capuchin {C. apella).

F. J, C. Mayer (4) pointed out that the tongue lias four vallate-

papillfe, and nine sulci in the lateral organs.

Podwisotsky (7) described six papillae arranged in the form
of a V. He also described the lingual glands which are well-

developed.

Boulart and Pilliet (10), Ouvier (2), and Miinch (5) state that

the triangular pattern is the usual arrangement of the vallate

papillae in the genus Cehus. It is present in the majority of my
specimens, but the V-arrangement and double-pair type appear
in the remainder.

Genus Ateles.

The Grizzled Spider Monkey {A. grisescens).

Measurements:—total length 3'6 cm.; length of the oral part
2*5 cm. ; length of the pharyngeal pai-t I'l cm. ; width between
the lingual attachments of the palato-glossal folds 1'7 cm.

Pigmentation.—The apex and a small area of the dorsum
behind it are unpigmented. Behind the latter the dorsum is

yellowish- brown, with a white cross in the centre. The long

limb of the cross is continuous with the colourless area behind
the apex, and each of the short limbs lodges a vallate papilla

(text-ilg. 37). The frenal lamella is colourless, but the rest of the
inferior surface is yellowish-brown.

The Circumvallate Papillce (text-jSg. 41 A).—Three large

vallate papillae form an equilateral triangle with the apex behind.

The left basal papilla is compound, and consists of two elements

;

the right basal papilla is oval and excavated ; and the .posterior

papilla is circular. The fossae are well-marked, and the vallums
form clear zones.

A fungiform papilla occupies the centre of the vallate area.

The Fungiform Fapillce (text-iig. 41 A) form a dorsal bounding
zone on which they have the usual arrangement. Those lying

beneath the apex are large and closely aggregated, but the
transverse rows extend far forwards on the dorsum.

The Conical Pajnlke (text-fig. 41 A) have the usual arrange-

ment in clusters and rows ; they increase in size in the usual
manner, and their points run in the usual directions. On the
pharyngeal part of the dorsum they are small and irregular.

On the lateral borders and inferior surface they have the usual
arrangements. Ail the papillae are small or of medium size.

The Lateral Organs (text-fig. 41 0) extend from the dorsum to

the lower parts of the edges of the tongue. Each consists of

elongated fusiform laminae running forwards and upwards, and
the separating sulci are narrow. Each organ is surrounded by a
diamond-shaped unpigmented area. The right organ is "8 cm.
long, and has 5 laminae and 6 sulci. The left oi'gan is '7 cm
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long, and has 4 laminae and 5 sulci. The dotted line in text-

fig. 41 C represents the margin of the unpigmented area round

the lateral organs.

Lymphoid Tissue and Glands.—The base of the tongue is

delimited by a zone of large nodules with a. concave anterior

border. No duct orifices are visible even under a lens.

The Frenal Lamella (text-fig. 41 B, a).—The large, flat,

triangular lamella covers a large area of the inferior surface of

the tongue, and is devoid of a ridge on its upper surface. The
apex is divided into small sharp processes, and the plain edges

extend back to the middle of the lateral organs.

The Median Ventral Sidcus (text-fig. 41 B, h) lodges a well-

marked crest. It opens posteriorly into a flat, shallow, unpig-

mented triangular area.

Text-figure 41.

0LM/f

The tongue of Ateles grisescens ; 1. 1. tonsils.

The/renttm is very short.

The ventral jjapillary harder is narrow, and its papillfe have

already been described.

The Black-faced Spider Monkey {A. ater).

Tuckerman (9) described the tongue, and the following

description is supplementary to his account. The measurements

of the larger of my two specimens are :—total length 4*9 cm.

;

length of the oral part 4-3 cm. ; length of pharyngeal part -6 cm.

;

wid'th between the lingual attachments of the palato -glossal folds

2 cm.
The Gircumvallate PajnllcB (text-fig. 42 A & C).—Four large

papillae form a double-pair, and two small papilte lie on the.
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lateral sides of the resulting rhomboid. Tuckerman states that
there are three papillae within the vallate area, but believes that
they are intermediate between the fungiform and vallate groups.
All the papillae are circular, the fossse are well-marked, and the
Valiums appear as clear zones. They vary in prominence, but
the posterior papillae (0, h) project to a greater extent than the
others. All are smooth and glistening.

Only conical papillaj are seen within the vallate area.
The papillae of the anterior pair are level with the most anterior

laminae and sulci of the lateral organs. They may be excavated
(text-fig. 42 0, a).

Text-figure 42.

-iT-nr-s.

1 AJfAf^n o.

The tongue of Ateles ater.

The Fungiform Pa-pillce (text-fig. 42 A & B^, which are larger
than in A. grisescens, form a narrow dorsal bounding zone on
which they have the usual arrangement. They are numerous,
but small. On the inferior surface they are large ; round the
under surface of the apex they are closely aggregated, but farther

• back they are discrete (text-fig. 42 B).

Tuckerman showed how the fungiform papillae on the under
surface of the apex are richly supplied with taste-buds.

The Conical Paqnllce (text-fig. 42 A^ are all very small, those
at the posterior part of the tongue, which ai-e the largest, being



OF THE TONGUES OF THE MAMMALIA. 505

just visible to the naked eye. They have the usual arrangement,
and their distribution according to size takes the usual form.

Their characters are shown in text-fig. 42 D.
They resemble the papillse of ^-1. grisescens in that those within

and behind the vallate area are not regularly arranged in oblique

chains.

Lymiphoid Tissihe and Glands.—The base of the tongue is

delimited by a zone of prominent elevations, but no orifices of

glands are visible. These nodules have not been mentioned by
Tuckerman, who merely states that the base of the tongue is

wrinkled. He describes the mucous glands, which are arranged

in a small central and two lateral groups.

The Lateral Organs (text-fig. 42 Ej.—The prominent lateral

organs form crescentic bodies on the sides of the tongue, the

concavities facing the lateral vallate papillaB, which are level with

the anterior laminae and sulci. The laminae and sulci are

numerous, and are irregula.r in position for they have been ac-

commodated within a small space. The right organ is "9 cm. long,

and has 9 laminte and 10 sulci. The left organ is 1 cm. long,

and has 10 laminae and 11 sidci. Many of the laminae have

secondary sulci, and some of the primary sulci are very wide.

Tuckerman described the histology of the lateral organs.

The Frenal Lamella (text-fig. 42 B).—The triangular lamella

forms a stout, thick plate with a notched apex and nodular sides.

Tuckerman described a lamella, with a fimbriated edge, which

possessed sensory (tactile?) end organs on its non-medullated

nerves, which form a network. Gegenbaur (11) criticises Tucker-

man's observations and thinks that the end organs are tactile in

function.

The long, narrow, deep ventral mesial sulcus opens posteriorly

into a small deep, triangular fossa. It lodges a small, median,

triangular crest deiived from the short frenum.

The Black-handed Spider Monkey {A. melanochir).

Flower (3) describes the tongue as follows :
—" The tongue is

rather lancet-shaped and pointed at the apex. The lateral group

of linear follicles at the base of the palato-glossal fold is very

distinct and large. The papillae generally are soft and small.

Of circumvallate papillfe there ai'e only two, situated side by side,

close to the middle line opposite the attachment of the palato-

glossal folds. The frenum is attached very near (three-tenths of

an inch) to the apex of the tongue, which has a stong median

groove below. The sublingual papilla is rather small, soft, thick

and pointed, with a slightly bifid apex."

The Red- paced Spider Monkey (J.. pan^'scws).

Mayer (4) described three vallate papillae forming a triangle.

Miinch (5) described the vallate papillaj of two specimens of

A. vellerosus. In one there were seven papillaj on each limb, but
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tlie central jDapilla was absent. The central papilla was present

in his second example.

Genus Lagothrix.

The Smoky Woolly Monkey [L. infumatus).

I examined three specimens, and the following measurements
refer to the largest:—total length 4'6 cm.; length of the oral

Text-figure 43.

R\.;;/.''a ! .V'
''''''';,•

.';',',',
v!''ffi

The tongue oi Lagothrix infiimattis.

part 3-8 cm. ; length of the pharyngeal part "8 cm. ; width
between the lingual attachments of the palato-glossal folds 1*9 cm.

Pigmentation (text-fig. 37).—The three specimens are bluish-

black in colour, and the colourless fungiform and conical papillae,

frenal lamella, and naesial part of the inferior surface stand out
prominently from the pigmental parts. The shajoe is variable in

resh specimens, being conical or oval.



OF THE TONGUES OF THE MAMMALIA. 507

The Circumvallate Pajjillce. (text-figs. 43 & 44 A & B).

—

Specimen
No. 1 (text-fig. 43 A).—Five papillse foi'm a V with long arms.

The two anterior papillae are of medium size, the mesial papillae

are small, and the posterior papilla is large. All are prominent,

smooth and colourless, the fossae are well-marked, and the Valiums

appear as clear zones. The apex of the V is far from the

epiglottis, and the anterior papillae are close to the edges of the

tongue.

Text-figure 44.

•

B.

C.

14- 3 "% LV.P

^(iiiih

G.

Tlie tongue of Lagothrix infumatus.

Within the vallate area there are many conical papillae, and

the posterior rows of fungiform papillae enter the mouth of the V.

Specimen No. 2 (text-fig. 44 A).— Three papillas form an

isosceles triangle whose equal sides are long (2 cm.), and the

postei"ior papilla is a considerable distance from the epiglottis.

The anterior papillae are small and circular, the fossas are well-

marked, and the Valiums are divided into lobes by fissures from

the fossae. The posterior papilla is oval and surrounded by a

prominent furrowed vallum.
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Specimen No. 3 (text-fig. 44 B).—Four vallate papillas are

arranged in the form of a Y, and all have well-marked fossse and
clear Valiums. I do not consider that the Y-lorm in this case

corresponds to that of the Simiidse, but I believe that the papillae

of the mesial limb are members of a double-pair put into line

with the long axis of the tongue.

The Fungiform Papillce (text-figs. 43 A and 44 C).— The
papillae, which are of small and medium sizes, form a dorsal

laounding zone, but the transverse rows extend as far as the apex,

thereb}^ eliminating an apical cluster. The rows contain many-

papillae.

On the lateral borders and inferior surface the papillae are

small, discrete, and ari-anged in single chains.

All are glistening and hemispherical, and are closely sur-

rounded by shaggy conical papillae.

The Conical Papilla} (text-figs. 43 A and 44 D) are closely-

aggregated and increase in size in the usual manner, but have no
definite arrangement on the oral part of the dorsum. They are

arranged in chains on the pharyngeal part of the dorsum and on
the inferior sui-face. All are filiform, and stand up round the

fungiform papillae when the tongue is dried.

Glands andLymphoid Tissue.—The base of the tongue is occupied

by a large number of nodules, but no orifices of ducts and pits

are visible. The nodules, however, are not aggregated together

on a crescentic zone in front of the epiglottis.

The submaxillary and sublingual glands are enormous (text-

fig. 43 B), and play the greatest part in the lubrication and
softening of the food in the buccal area,

.The Lateral Organs.—Specimen No. 1 (text-fig. 44 E\—The
laminae and sulci vary greatly in size, and form irregular rows

on the lateral borders. The spacing between them is also very

variable, for the laminae are closely-packed posteriorly, and discrete

anteriorly. Many of the laminae are oval and travei'sed by wide

secondary sulci.

The right organ is 1 cm. long, and has 13 laminae and 14 sulci.

'The left organ is '9 cm. long, and has 12 laminae and 13 sulci.

Specimen No. 2 (text-fig. 44 F).—Both organs consist of long,

pointed laminae running upwards and forwards towards the

lateral vallate papillfe (l.v.p), which are level with the anterior

laminae. The right organ is I'l cm. long, and has 11 laminfe and

12 sulci. The left organ is I'l cm. long, and has 12 laminae and

13 sulci.

Specimen No. 3 (text-fig. 44 G).—The laminae and sulci all

run from behind forwards and upwards, and their white colour

makes them stand out prominentlj^ against the bluish- black

background of the tongue. The anterior lamina? are level with

the antero-latei'al vallate papillae, and the posterior lamiuje are

level with the antero-mesial vallate papilla. The right organ is

1 cm. long, and has 12 laminae and 13 sulci. The left organ is

1"1 cm. long, and has 11 laminae and 12 sulci.
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The Frenal Lamella (text-fig. 43 B a, C a, & D a).—The tri-
angular lamella may have an entire or bifid apex. In the latter
the halves may be long and narrow, or wide and short. The
edges are plain or have processes.

The Ventral PapillarT/ Border (text-fig. 43 B 6, C 6, & D 6)
is wider than in Cehus and Ateles. Its conical papillje are in hori-
zontal rows, but the fungiform papillaj form a single chain.

The Ventral Mesial Sulcus (text-fig. 43 B c, C c, D c) may be
narrow and deep, or wide and shallow. It has no mesial crest.

Humboldt's Woolly Monkey {L. humholdti).

The tongue has three vallate papilise forming an isosceles
triangle ; of these the apical one is large. The fungiform
papillfe are large and conspicuous, and have the usual arrano-e-
ment in clusters and rows. The triangular frenal lamella has a
bifid apex.

Genus Saimiris (=Chrysothrix).

The Squirrel Monkey (»S', sciurea).

Measurements:—total length 2"1 cm.; length of the oral part
1-9 cm.; length of the pharyngeal part '4 cm. ; width between
the lingual attachments of the palato-glossal fold ]-l cm.

The Gircumvallate Papillce.—Three papillae form an isosceles

triangle with tlie apex behind. The right basal papilla is

strongly retracted within its fossa, but the others are prominent,
granular, and surrounded by nodulated Valiums.

The Conical and Fungiform Pajnllce have the usual arrange-
ment, and the latter form a doi-sal bounding zone.
'': Glands and Lymphoids Tissue are present as usual on the base
of the tongue, but no duct orifices are visible.

Both lateral organs are 5 cm. long, and have five primary sulci

separating four laminae ; the latter are tiuversed by secondary
sulci. Each organ appears as a straight line of laminae and sulci.

The frenal lamella, as shown by Pocock, is long, narrow, and
has a slightly divided apex. The frenum is long.

Genus Callicebfs.

The Moloch Teetee (C. moloch).

Three specimens were examined, and the oneasurements were
very similar in all. The following figures refer to my largest

example :—total length 2*55 cm. ; length of the oral part
2-15 cm.; length of the pharyngeal part -4 cm.; width between
the lingual attachments of the palato-glossal folds 1-2 cm.
The tongue is bluish-black in colour on the entire oral part

and on most of the pharyngeal part of the dorsum. The inferior

surface has a bluish-black bounding zone. The frenal lamella,

mesial part of the inferior surface, and cuneiform areas on the
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base of the tongue are unpignaented, and the vallate and fungi-

form papillae may or may not be colourless ; in the former case

the appearance of the dorsum resembles that of Lagothrix

infumata (text-fi<:;. 37).

The Circumvcdlate Papillce (text-fig. 45 A).—Three papillae

form an isosceles triangle with long sides, and an acute

vertical angle. The posterior papilla is granular and projects

considerably beyond the coarsely-nodulated vallum. The right

basal papilla is granular, and the vallum is overlapped by conical

papillje. The left basal papilla is round, granular, and pigmented.

The Fungiform Papillce (text-fig. 45 A & C) form a narrow

dorsal bounding zone on which they have the usual arrangement,

Text-fiffure 45,

A.

<^flY^N^
xfL M n^

The tongue of Callicehus molocli.

but the transverse rows extend far forwards. Those on the

inferior surface are minute and form a single row. Some are

overlapped by conical papillae.

The Conical Papillce (text-fig. 45 A & D) are all shaggy, and

stand up around the fungiform papillte when the tongue is dried.

The rows are mostly transverse, but the distribution according to

size is not according to the typical plan. All the papilloe are of

the filiform types.

Lymphoid Nodides and Glands.—The base of the tongue'iis

occupied by nodules, but no orifices of ducts of glands are visible.

The Lateral Organs (text-fig. 45 E),—The wide primary sulci

appear as incisions on the lateral borders, for the intervening

laminfe are flat. The}^ form a slightly concave row whose posterior

members are level with the lateral vallate papilla (l.v.p.).
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The entire organ is surrounded by an oval colourless area of

the tongue, so thej offer a marked contrast to the bluish-black

latei'al borders.

The right organ is "6 cm. long, and has 10 laminfe and 11 sulci.

The left organ is "5 cm. long, and has 9 laminae and 10 sulci.

The Ventrcd Papillary Zone is bluish-black and narrow. It

has many small irregularly-placed conical papillte, and a few
fungiform papillse in a single row posteriorly.

The Ventral Mesial Sulcus is narrow and deep, and the frenal
lamella is triangular and entire with lobulated edges.

The Brown Teetee (C hrunnea).

In a hitherto unpublished paper Garrod states : " There are

three circumvallate papillfe in the form of a triangle. The fungi-

form papillse pre most numerous at the tip of the tongue, and
there are a few in front of the circumvallate papillae, and Mayer's
Organ. There is a good bifid sublingua" (= frenal lamella).

Owen (6) described a vallate triangle in C. 2Jersonata.

Genus Actus (=]S'yctipithecus).

The Feline Douroucouli (A. felinus).

The two specimens which I examined were preserved, so no
measurements were made. One of them has a single vallate

papilla.

The apex and lateral borders have the usual characters, and a
well-marked mesial dorsal stdcus runs along the base of the
tongue.

The Circumvallate Papilke (text-fig. 46 A &, C).—Two pro-

minent vallate papillae lie near the lateral borders. Each is

granular, and has a prominent nodular vallum. The fossae are,

well-marked. Both are round on plan and on conical elevation.

The Fungiform Papilke (text-fig. 46 A & D; form a dorsal

bounding zone on which they have the usual arrangement. Some
are flush with the general surface of the tongue (o), but others

stand up prominently [a & h). They form a single row on the
ventral surface of the tongue, and some are overlapped by conical

papillae [d).

The Conical Papillce (text-fig. 46 A & E) have the usual dis-

tribution according to size, and the usual direction of their

points. They do not have the usual arrangement, however ; on
the oral part of the dorsum they are iri-egular, but on the base

they form oblique chains. They are cylindrical or filiform, and
may have central depressions.

The Lateral Organs (text-fig. 46 F).—The laminae and deep

narrow primary sulci lie on the edges and the inferior surface

of the tongue. They run forwards and upwards, and the laminae

are traversed hj secondary sulci. The right organ is *9 cm. long,

J:>Roc. ZooL. Soc— 1921, No. XXXY. 35
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and has 5 laminpe and 6 sulci. The left organ is "8 cm. long, and
has 4 laminfe and 5 sulci.

The Inferior Surface (text-fig. 46 B).—The nairow ventral

papillary zone has irregularly disposed conical papillfe and a single

I'ovv of discrete prominent fungifoiin papillte ; the latter are most
numerous and closest together round the apex.

Text-fiffure 46.

/^T°^

P/an.
Elevat/on.

....r\ f

—

\

surface of ^-

J£i^

/<Wf^ A ft n ^^ T^nnA..

Tlie tongue of Aotus feJinus.

Thefrenal lamella is triangular. It has a bifid apex and plain

sides. The veiii7-al mesial sulcus is shallow and deep, and the

frenum is of moderate length.

Genus PiTHECIA.

The Black Saki {P. satanas).

The specimen which I examined was preserved, so no measure-

ments were made.

The tongue has almost parallel sides, and the apex and lateral

borders have the usual characters. The thickness rapidly

diminishes from frenal lamella to apex.

The Circumvallate PapiUce (text-fig. 47 A & C).—The vallate

papillfe form an isosceles triangle Avith the apex behind. All are

slightly retracted, with granular surfaces, the fossie are well-

marked, and the Valiums are nodulated.
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The Fungiform Papillce (text-fig. 47 A & B) form a dorsal

bounding zone on which they have the usual arrangement, and
the apical cluster is very well-mai'ked. They form a single row
on the inferior surface. They are all prominent, smooth, and

hemispherical, and none are overlapped by conical papillse.

The Conical PapillcB (text-fig. 47 A & D) have the usual

arrangement in clusters and rows of varying degrees of obliquity.

The vertical direction of the rows on the lateral borders can only

be made out by very careful examination, however. All belong

to the filiform series.

ff^
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Humboldt's Saki (P. monachus).

Flower (3) describes the tongue as follows :—" The length of

the tongue, from tlie base of the epiglottis to the tip. is 1*4 inch
;

its breadth "5 inch ; its sides are parallel, the end square, with
the corners slightly rounded. The sublingual organ is fleshy,

except towards the end, which is sharp-pointed and cleft at the
extreme tip ; it is free to the extent of '25 inch, and its apex is

•3 from the tip of the tongue."
In a hitherto unpublished note Garrod states that the tongue

of Pithecia cilhinasa has a triangular vallate papillary .irea.

Genus ACAjag.

The Bald Ouakari {C. calva).

The specimen had been preserved, so no measurements were
made.
The ajiex and lateral borders have the usual characters, but fine

lateral striae, only visible on high magiiitication, run in from them
across the doi-sum.

Text-fio-ure 48.

i^'-ysWK

Tlie tongue of Cacajao calva.

The Circiomvallate Papillce (text-fig. 48 A).— Three vallate

papillfB form an isosceles triangle whose apical papilla, is far from
the epiglottis; the basal pa,pilla3 are close to the edges of the
tongue. The apical papilla is small and the basal ones laige, the
foss£e are all well-marked and the Valiums are nodular.

2'he Fungiform PajiiUce (text- fig. 48 A &, B) form a dorsal

bounding zone on which they have the usual arrangement in
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clustei's and rows, but tlie apical cluster is small. Nowhere are

they numerous, however. They are absent from the inferior

surface.

The Conical Pcqnllce are irregularly arranged, but they increase

in size in the usual manner and their points run in the usual

directions. They form a narrow papillary zone on the inferior

surface, but this is widest round the apex.

Glands and Lymphoid Tissue.—The base of the tongue is finely

nodular, and a few oritices are visible when it is highly magnified.

The Lateral Organs (text-fig. 48 C) form concave bodies on
the sides of the tongue, and the pointed or round laminae have

fungiform papillae below their bases. The lateral vallate papillae

are level with the centres of the organs. All rounded laminae

have wide secondary sulci.

The right organ is 1 cm. long, and has 7 laminae and 8 sulci.

The left organ is -9 cm. long, and has 6 laminae and 7 sulci.

The Lnferior Surface (text-fig. 48 B).—The ventral papillari/

zone is narrow, the ventral median sulcus is shallow, and the

frenum is small.

The jTrewaZ lamella is long and narroAv, and terminates in two
small points (text-fig. 48 B, a).

Genus Alouatta ( = Mycetes).

The Black Howlek Monkey {A. caraya).

The specimen had been preserved, so no measurements were

made.
The Circumvallate PapiUce (text-fig. 49 A & 0).— Three

papillae form an isosceles triangle with long sides. The apical

papilla is far from the epiglottis, and the basal papilUe are close

to the lateral borders of the tongue. The length of the vallate

triangle is one-third the length of the dorsum.

The apical papilla is large, oval, granular, and excavated in the

centre, the fossa is well-marked, and the vallum striated.

The Fungiform Fapillce (text fig. 49 A & B) are not numerous,

but have the usual arrangement on the dorsum ; and a few lie at

the sides of the vallate triangle. They appear to stand on ridges

of the mucosa when the tongue is highly magnified. Those on

the inferior surface are very small.

The Conical Papilke (text-fig. 49 A, B, & D), which are closely-

set, are irregularly disposed on the dorsum, but they increase in

size in the usual manner, and their points run in the usual

direction. They are filiform, cylindrical, or fusiform, and the

number of points to each papilla varies. Some stand up so

prominently round the fungiform ^^apillae that they conceal them

entirely.

Glands and Lymphoid Tissue (text fig. 49 A).—The base of the

tongue is covered with nodules of various sizes, and many orifices

of ducts are visible to the naked eye. The lens reveals the

existence of many minute openings, and the base of the tongue is
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more pitted than in other species of the Cebiclse. Many nodules

with centi-al depressions are also present on the anterior siirface

of the epiglottis.

The Lateral Organs (text-fig. 49 E).—On each side they form a

straight row of laminee and sulci. All the sulci and laminae

are short ; the posterior ones are straight, and the anterior ones,

which are level with the anterior vallate papillse, are convex
forwards.

The right organ is -9 cm. long, and has 10 laminse and 11 sulci.

The left organ is '7 cm. long, and has 8 laminae and 9 sulci.

Text-figure 49.

/W^/^//)))jV)^))) ^1111 I ^
/ J 5 7 10

The tongue of Alouatta caraya ; 1. 1. tonsils.

The Inferior Surface (text -fig. 49 B).—The ventral papillary
zone is nari'ow, but has papillae disposed in the usual manner-.
The ventral mesial sulcus is short, but does not open uj) much

when traced posterioi'l}^.

Thefrenum is short, and the frenal lamella is long, narrow,
deeply incised at the apex, and has plain sides (text-fig. 49 B, a).

Carus and Otto (1) described a vallate triangle {A. fuscus)
closely resembling that of A. caraya, described above.
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Summary of the Tongues of the Cebidce.

1. All tongues, except those of the Sakis, are conical, and some
are pigmented.

2. The conical papillae are irregularly disposed on the oral part

of the dorsum in most of the .Cebidse, but they may be arranged

in chains on the base of the tongue.

3. The fungiform papillae always form a doisal bounding zone.

They may be absent from the inferior surface.

4. The vallate papillary patterns are—a single papilla, a pair,

a triangle, a V, or a double-paii-.

5. The vallate triaugle is far from the ejjiglottis in many
species, and its median may be very long (the median is the line

drawn from the apex to the mid-point of the base).

6. The orifices of the ducts of glands are fewer than in the

Cercopithecidse. They are most marked in Alouatta.

7. The lateral organs are most frequently concave towards the

epiglottis.

8. The frenal lamella is usually bifid at the apex.

9. The lingual characters are not sufficiently distinctive to be

of value for the classification of species.

Family Hapalid^e.

Genus Hapale.

The Common Marmoset (H. jacchus).

The comparatively long, slender tongue has the following

measurements:—total length 2'1 cm.; length of the oral part

1-9 cm. ; length of the pharyngeal part -2 cm. ; width between

the lingual attachments of the palato-glossal folds '65 cm.

These figures were found to be the average in twelve specimens.

The cqjex is flat and tubei'culated by fungiform papillae ; it is

devoid of a notch. Running back for 1 cm. is a median dorsal

sulcus from vi^hich transverse sulci pass to the sides of the tongue,

but these are the result of preservation and are not shown in

text-fig. 50. The lateral ho7-ders have the usual chai-acters.

The Gircumvallate Papilla} (text-fig. 50 A).—Three vallate

papillae form an isosceles triangle with the apex behind, and the

two basal papillae are close to the edges of the tongue. The

Valiums are covered by conical papillae which obscure the fossae,

and the surfaces of the papillary bodies are finely granular.

This pattern was present in all twelve specimens. Tuckerman (9)

also described this as the type.

The Fungiform Papilhe \text-fig. 50 A & B) form a dorsal

bounding zone on which they have the usual arrangement, in

clusters and rows, and they are surrounded by prominent

upstanding conical papillae. They are few in number, however,

on the dorsum, and are absent from the ventral bounding

papillary zone.
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The Conical Pajnllce (text-fig. 50 A, B, k 0) hive an irregular
disposition, but they increase in size in the usual manner, and
their ^Joints run in the. usual directions. They appear as imbri-
cated scales, and some stand up prominently round the fungiform
and vallate papillje, concealing the Valiums of the latter

(text-fig. 50 C, e).

Lymphoid Tissue and Glands.—A few nodules are present
among the conical papillse on the base of the tongue, but no
duct orifices are visible.

Text-fisure 50.

I r/ f/ '/

^ oa V
"• c. d. e.

C.

The tongue of Sapale jacchiis.

The Lateral Organs (text-fig. 50 D).—These consist of a few
fine laminae and sulci on the sides of the tongue. The right
one has 6 lamina; and 7 sulci, and the left one has 5 laminae and
6 sulci. Some of the laminte have small secondary sulci.

The Inferior Stirface (text-fig. 50 B).—A narrow ventral

ixiinllary border, possessing conical papillae 'only, is present, and
the narrow, deep ventral mesial sulcus opens posteriorly into a
triangular fossa.

Thefrenal lamella is triangular, with a bifid apex and plain or
nodulated sides.
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The BLAOK-:eARED Marmoset {H. jMnicillata).

The conical tongue, whicli is green in colour, has tlie following

measurements:—total length 2'y5 cm.; length of the oval part

2"1 cm. ; length of the pharyngeal part -25 cm.; width between
the lingual attachments of the palato-glossal folds "9 cm.

The apex is pointed and tuberculated ; running backwards
from I' 4c cm. is a median lidge. whence transverse ridges, which
are convex forwards, run out to the lateral borders.

The Circumvcdlate Papilke.—-Three papilhe form an isosceles

triangle. The apical papilla is close to the epiglottis, and the

lateral papillse are close to the edges of the tongue. The lateral

papillae are small, and their fossae and Valiums axe concealed by

conical papillas (text-fig. 51 A, b). The posterior papilla, which

is ©val and excavated, has a nodulated vallum composed of two
rows of lobules (text-fig. 51 A, c).

2Vie Fungiform Papillce form a wide dorsal bounding zone, and
the area of the centre without papillse is small. They have the

usual arrangement, but the posterior rows form thick clusters in

front of the vallate papillae. They are hemispherical or flat, and

the surfaces are smooth and glistening. As in H. jacchus^ there

are none on the inferior surface of the tongue.

The Goniccd Pcqnllce have the usual arrangement, but their size

remains the same from apex to base. They ai'e scale-like and

imbricating, as in H. jacciius. They form a nari-ow zone on the

inferior surface of the tongue (text-fig. 51 A, a).

Lymphoid Tissue and Glands.—The area occupied by the

lymphoid nodules is small, and no duct orifices are visible.

The lateral organs consist of a few very fine laminae and sulci.

It is difticult to detect these, even on high magnification, by a

hand lens, so mici'oscopical examination is necessary in order to

settle their characters.

The Inferior Sitrface (text -fig. 51 A, a).—A narrow ventral

pap)illary border is present ; the narrow, deep ventral mesial sulcus

opens posteriorly into a triangular fossa; and thefrenal lamella is

triangular, with an entire apex and notched sides.

The Pygmy Marmoset {E. 2)ygviaia).

The tongue has the following characters :

—

1. It is conical with a rounded apex.

2. The vallate papilke form an isosceles triangle.

3. The fungiform papillae resemble those of II. jjenicillata.

4. The conical papillae form imbricating scales.

5. The lateral organs are well-marked.

6. The ventral papillary zone is well-marked.

7. The ventral mesial sulcus is long and deep.

8. The triangular frenal lamella has a bifid apex.
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Genus Leontocebus.

The Lion Marmoset [L. rosalia).

The two specimens examined were preserved, so no measure-

ments were taken.

The tongue rapidly tapers from base to apex ; and the latter is

pointed and covered with a dense cluster of small fungiform

papillae. The middle of the dorsum is occupied by a strip of

mucosa covered by closely-aggregated conical papillfe.

The Circumvallate Papilke (text-fig. 51 B, b).—Three papillae

form an isosceles triangle with two short sides and a long base.

Text-tiaure 51.

Tlie inferior surfaces of the tongue and vallate papillffi of some Marmosets.

The apical papilla is a short distance anterior to the epiglottis,

and the basal papillae are close to the edges of the tougue.
All the papillae are large and nodulated, the fossae are well-

marked, and the Valiums are clear zones or lobulated bands.
The Fungiform Papillce, which are prominent, form a well-

marked dorsal bounding zone on which they have the usual
arrangement in clusters and rows, and they increase in size in the
usual manner. Two rows of small elements connect the basal

vallate jiapillte. None are present on the posterior pai't of the
ventral papillaiy zone.

All are prominent, hemispherical, and smooth.
17ie Conical Papilke (text-fig. 51 B, c).—No apical cluster is

present, for the transverse rows extend right forward to the apex.
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Each is leaf-shaped, and has sevei'al hair-like processes along its

free edge, and all the points are directed backwards. Some of

the posteriar papillas may be umbilicated. They increase in size

in the usual manner.
Lymjihoid Tissue and Glands.—The nodules form a naiTOW

zone in front of the epiglottis, but no duct orifices are visible,

even through the lens.

77ie Lateral Organs.—The lateral organs consist of well-marked,

but small, backwardly -directed laminae separated by deep primary

sulci. The right organ has 3 laminae and 4 sulci, and the left

organ has 4 laminas and 5 sulci.

The Inferior Surface (text-fig. 51 B, a & «").—No ventral

papillary ::one is present, but the outer part of the inferior

surface incised by small fissures.

The ventral mesial sulcus, which is narrow and deep, opens

posteriorly into a large triangular space.

The frentnn is short, and thefrenal lamella is triangular, Avith

a bifid apex, or a deep notched lateral border.

Genus Mystax.

The ISTegro Tamarin (M. ursulus).

My fresh specimen has the following measurements :—total

length 2-8 cm. : length of the oral part 2-4 cm. ;
length of the

pharyngeal part -4 cm. ; width between the lingual attachments

of the palato-glossal folds 1'2 cm.

The apex is rounded, and a dorsal median sulcus, which is more

marked thair in any specimen belonging to the Oercopithecidse,

Oebidae, or Hapalidse, runs back to the apex of the vallate triangle.

No transverse ridges or sulci are present.

The Gircumvallate Papillm (text-fig. 52 A & C).—Four
papillae are arranged in the form of a V. Including the apical

papilla the right limb has three papillae and the left one has two.

The posterior papilla (A, a) is oval, with a well-marked fossa

and nodular vallum. The left lateral papilla (A, C h) lies in a

wide fossa with three small ones. The right lateral papilla

(A, C c) lies in a wide fossa with two small ones, and the right

mesial papilla is circular.

The Fungiform Fapillct (text-fig. 52 A & B).~Small, but

well-marked papillae form a dorsal bounding zone, but the trans-

verse rows are maintained as far forwards as the apex. They

are absent from the inferior surface.

The Conical Papillce,—No apical cluster is present, for the

papillae maintain their arrangement in rows right forward to the

apex, and there is no great increase in size from before-backwards,

or without-inwards. They have the usual arrangement on the

ventral papillary zone. All are cylindrical and surrounded by

zones of interpapillary dorsum.

Lymphoid Tissue and Glands.—On each side of the epiglottis

there is a lara^e nodular mass, and the two are connected by a
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band of small nodules which also 'passes towards the posterior

vallate papilla. Some of the large nodules have small central

pits.

The Lateral Organs.—The laminfe, which increase in size from
before backwards, are separated by wide primary sulci. The right

organ has 3 laminae and 4 sulci, and the left one has 4 laminte and
5 sulci. t

The Inferior Surface (text-fig, 52 B).—The ventral papillary
border, which is narrow, possesses conical papillae only.

Text-fieure 52.

J'V^.::-v:-':-

' A.

The tongue of Mi/stax ursulus.

w.

The ventral mesial sulcus, which is long, narrow, and deep,

opens posteiiorly into a large tria,ngular depression containing a

well-mai'ked median crest.

The frenal lamella is a long, flat body with its anterior

extremity deeply cleft into several long, thin club-like processes.

The Moustache Tamarin {M. mystax).

The tongue, whose form resembles those of the preceding

species, has the following measuremeiits :—total length 2*1 cm.
;

length of the oral part 1'8 cm. ; length of the pharyngeal part

•3 cm. ; width between the lingual attachments of the palato-

glossal folds '6 cm.

A. deep median dorsal sulcus runs back for I'l cm. from the

apex, and transverse furroivs run towards the lateral borders

;

these separate broad ridges which are convex forwards and con-

cave backwards.

The Circumvallate Pajyillce.—Three papillae form an isosceles

triangle with two short sides and a long base ; the apical papilla

is close to the epiglottis, and the basal papillae are close to the

lateral borders of the tongue.
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All are round and finely-granular, the fossfe are well-marked,
and the Valiums are lobulated.

The Fungiform Fapillce, which ai'e all small but prominent,
form a dorsal bounding zone on which they have the usual
arrangement in clusters, and rows, the usual number on each row
being two. Most of them are equal in size, and are smooth and
hemisphei-ical.

'The Conical Papillce, which are all closely-aggregated, have the
usual arrangement in rows and clusters ; they increase in size

from without-inAvards, but their increase in size from before-
backwards is slight. They take the form of overlapping scales

with hair-like processes.

. Lymphoid Tissue and Glands.—The nodular zone on the base
of the tongue is narrow, and no orifices of ducts and pits are
visible, even when the tongue is highly magnified.

17ie Lateral Organs are small and oval : their centi'os are level

>vith the lateral vallate papillte. They consist of well-marked
primary sulci separating comparatively broad laminae with pointed
or rounded upper extremities. The secondary sulci are very thin.

The right organ is -1 cm. long, and has 3 laminae and 4 sulci.

The left organ is -1 cm. long, and has 4 laminae and 5 sulci.

The Inferior Surface.—The narrow ventral papillary zone has
only conical papillae, but is incised by transverse sulci running in

from the dorsum.
The ventral mesial sidcus, which is narrow and deep, opens

into a large triangular space, which also receives the short
frenum.

The frenal lamella is triangular, with a bifid apex and fissured

lateral boi'ders.

Genus CEdipomidas.

The Pinche Monkey {(E. oedipus).

Flower (3) described the tongue and gave the following data:

—

1. The tongue tapers gradually.

2. There is a median dorsal sulcus posteriorly.

3. The ventral median sulcus is deep.

4. The fungiform papillce are regular, and cover the entire oral

part of the dorsum.
5. Three vallate papillae form a triangle.

6. The latei'al orgaus are well-marketl.

7. The frenal lamella has a dorsal ridge and cleft apex.

Summary of the l^ongues of the Ha.palida^.

1. The tongue is either long, narrow, and tapering slowly, or

short, conical, and tapering rapidly from a wide base.

2. Mesial dorsal ridges are frequently present.

3. The tongue of Mystax tirsidas has a botter-mai'ked mesial

dorsal sulcus than those of all other Primates.
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4. The vallate papillae always form a triangle.

5. The fungiform papillae always form a dorsal bounding zone.

6. Scale-like conical papillae, with or without filamentous pro-

cesses, are exceedingly common.
7. The ventral papillary zone is small or absent.

8. The frenal lamella is usually subdivided at the apex, but

undivided lamellae occasionally appear.

9. The lateral organs are always small.

10. The lytta, foramen caecum, plicae, fimbriatse, and apical

sland of Nuhn are absent.
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(Text-figures 1-4.)

One of the most important specimens in the Geological Depart-
ment of the British Museum is the fine skull of Dinotherium
giganteum, which seems to be the only even approximately
complete example at present known. The hi.story of this spe-

cimen is of considerable interest. It was discovered in 1835 by
Klipstein, about eighteen feet deep in the well-known ossiferous

sands of Eppelsheim in Hesse-Darmstadt. An account of this

discovery, including a description of the specimen and of the

deposits in which it occurred, was published by Klipstein and
Kaup in 1836 under the title " Beschreibung und Abbildungen
von dem in Rheinhessen gefundenen colossalen Schadel des
Dinotherii gigantei "

: in the following year a French translation

of this paper appeared. Kaup, in his part of the memoir, not
only gives a description of the skull itself, but also a very
interesting account of the method of collecting the specimen.

It appears that it was found lying on its dorsal surface in a bed
of clay and sand. This was partly removed, leaving the skull

resting on six pillars of matrix. Next, iron bars were passed

through the openings thus made, which were then filled up with
plaster of Pans. Next, the remaining portions of the matrix
were removed and their place filled with more plaster, so that

finally the skull rested on a solid base of plaster strengthened by
iron bars. A stout board was inserted beneath the whole mass,

which was then lifted from the excavation by twenty-four men
with ropes. A quaint picture of this operation is given on the

cover of Klipstein and Kaup's memoir. In this figure there

is also shown a huge proboscidean femur, which is perhaps the
original from which the cast of a Dinotherium femur now in the

British Museum was made. In 1837 the skull was sent to be

exhibited in Paris, pnrt of the expenses of transport being borne

by the French Academy. While there it was examined by
de Blainville, whose description of the specimen is the best yet

published ; but even he was not allowed any opportunit}^ of

examining the dorsal surface. On the same occasion Isidore

Geoifroy, Straus, and otiiers took the opportunity of giving their

views as to the structure and affinities of Dinotherium. It was
then intended to send the specimen to London, but whether this

was done on this occasion is uncertain. Some years later, in

1849, it was certainly in London, and was offex-ed to the British
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Museum for purchase ; it was then examined and I'eported on by
Buckland and Owen. The purchase was not completed, and

the skull seems to have been sent back to Darmstadt. About

1866, Klipstein sold his collection to Dr. Oldham, the Director

of the Geological Survey of India, and from him the British

Museum acquired not only this, but also some other valuable

specimens, including the skull of Dorcatherium naui and the front

of the skull of Tapirus priscus.

Dr. W. D. Mathew, when visiting the Museum recently,

pointed out to me that there is a widely-spread idea on the

Continent that the skull now under discussion was broken up
on its journey to London. This mistake has even appeared in

print : thus Weinsheimer in his memoir on Dinothernmn (Pal.

Abhandl. Bd. i. 1883, p. 244), in speaking of the cast of this

specimen, states that " The original of this cast no longer exists,

since on its journey to London it was irretrievably broken into

fragments." Examination of the skull shows that, in fact, at some
time it has been much broken, but has been, on the whole, skilfully

mended, the figures and cast no doubt having been followed

in making the restoration.

In addition to Kaup's oi^iginal descriptions and figures,

de Blainville has given a very good account of the skull so far as

he was able to examine it, and numerous other writers have

referred to it. The most complete summary of the various views

that have been held as to the aflinities of Binoilieriimn is given by

Stefanescu in his paper on Dinotheriii'm gigantissiimtm (Anuarulu

Museului de Geologia, etc., Bukarest, 1894, p. 126). It is now
_

proposed to give a short description of the skull as it now is,

followed by some discussion of the reasons for its peculiaiities

and of the relationships of Dinolheriuni to the other Proboscidea,

The occipital condyles {o.c.) nre very large and prominent;

ventrally and laterally they are limited by a deep groove, but

dorsally they seem to pass uninterruptedly into the occipital surface

(oc.s.).^ The articular surface of the condyles from above down-

wards makes rather more than a semicircle, so that the range of

movement of the head up and down was extensive. Ventrally the

condyles are separated by a broad, deep notch, in front of which

the basioccipital runs downwards and forwards as a broad ridge,

narrowing a little towards its junction with the basisphenoid, at

which point, however, there is a prominence. The basisphenoid

is not quite in the same straight line as the basioccipital, but seems

to have been directed a little more upwards. The basis cranii as

a whole slopes rather steeply downwards, making an angle of about

135 degrees with the plane of the teeth and the posterior part of

the palate, which is regarded as being horizontal. From the outer

ano'le of each condyle a ridge (r.) runs outwards and a little

upwards, terminating in the outer angle of the squamosal («.s.),

which projects outwards far beyond the level of the zygomatic

processes. These ridges, which towards their outer ends rise into

thick and prominent crests, separate the upper occipital surface
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from the large post tjmapanic flanges {'pt.fl.), which appear to be
formed partly by the exoccipitals and partly by the squamosol,
though uo suture can be seen; the angle between the post-

tympanic flanges and the upper occipital surface is about 130
degrees. The ventral border of the flanges is gently convex, and
is separated from the condyles on the inner side by a deep notch,
which is partly occupied by a tongue-like process of bone,
apparently the paroccipital process {pq).) of the exoccipital. The
anterior face of the flanges is concave from side to side, and is

separated superiorly from the greatly elongated glenoid surface
{gl.) for the mandible by a shallow transverse channel. Above

Text-figure 1.

X.c.

orb-,

ex.n.

jimx.

Skull of Dinotheriiun giganteum.
From viglit side : about iV nat. size.

a.f., antorbital foramen; a?.e., posterior opening of alispheuoid canal; e.i-.w., external

nares ; I.e., lambdoidal crest; m.s., depression for muscle attachment on

preovbital prominence; o.c, occipital condjle; oc.s., occipital surface ; orh.,

orbit; or.r., orbital ridge; pmx., preraaxilla; p.orh., post-orbital process of

frontal ; pt.fl., post-tj-mpanic flange ; e.ifg., zygomatic process of squamosal.

the transverse ridges just described tlie occipital surface slopes

forwards to a remarkable degree, giving the skull a curious

resemblance, in this region, to the skull of some types of Whales,

e. g. Bcdcenoptera. The angle between the occipital surface and
the basis cranii is about 53 degrees, so that the occiput is nearly

parallel to the palatal sui'face. This extraordinniy forward

inclination of the occiput evidently limits the size of the cranial

cavity, and de Blainville suggested that possibly the occipital

surface had been crushed down towards the floor of the skull.

Cai-eful examination of the specimen, however, does not seem to

support this idea, and it seems probable that, remarkable as the

Proc. ZooL. Soc—1921,No. X.XXYI. 36
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structure of this region of the skull may appear, it represents

nearly the condition in the living animal. In other Proboscidea

the occiput slopes strongly forwards, but this inclination is

masked, in the adult at least, by the enormous development of

cellular bone that ta]<es place in this region, except over the area

of the insertion of the ligamentum nuchse, which occvipies in

consequence a deep depression.

In young individuals in which this development of the bone

has not taken place, it can be seen that the occiput is inclined to

the basis cranii at an angle about equal to that occurring in

Dinotheriu'm. Thus, in a figure of a median longitudinal section

of the skull of a young African Elephant given by Flower
(' Osteology of the Mammalia,' ed. 2, p. 181, fig. 59), the somewhat
convex occipital surface is inclined to the basis cranii at an angle

of about 40 degrees—that is, at a more acute angle than in Dino-

therium. In the skulls of two very young Indian Elephants this

angle was about 50 degrees, and in Palaeomastodon, in which in the

adult the spongy bone is relatively little developed, the angle is

only about 35-40 degi-ees in the middle line. Thus it appears

that the forw^ard slope of the occiput relatively to the basis cranii

is not really greater in Dinotherium than in the later Proboscidea,

but only appears so because, when the ])alate and tooth series in

Dinotherium is placed horizontally, the basis cranii slopes steeply

downwards instead of being nearly horizontal.

In Dinotherium no development of cellular bone seems to have
taken place, the necessary surface for the attachment of the

muscles supporting the heavy head being in this case supplied by
the great widening of the occipital surface, which is cari-ied out

laterally on to the lateral extensions of the squamosals (o.s.). The
pit for the nuchal ligament {n.l.) is both wide and deep : behind

it the occiput is convex from before backwards, while at the sides

it is gently convex in all directions. Anteriorly the occiput is

bounded by the transverse poition of the lambdoidal crest {I.e.),

which is slightly convex forwards : in front of this the parieto-

frontal surface makes an angle of about 140 degrees with the

occiput. Laterally the lambdoidal crest reaches the upper border

of the temporal fossa at about its middle point, and thence is

continued downwards and backwards along its border to the

lateral processes of the squamosal. The lateral portion of the

occiput thus bounded, projects far over the enormous temporal

fossa, forming a kind of roof to its posterior portion. The fronto-

parietal region of the roof is short from before backwards and in

its middle portion is flat or slightly concave. It first narrows a
little, and then widens out and slopes down towards the post-

orbital (p.orb.) processes, which are presumably borne by the
frontals though no sutures are visible. A little in front of the

level of the post-orbital processes the fronto-parietal region of the
roof is bounded by a thickened border, which is concave forAvards

and forms the upper edge of the remarkably wide nasal opening
(ex.n.). There is no trace of the nasal bones ; they may have been
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lost, bvit in any case do not seem to have formed any median pro-

jection over the nasal opening. The maxilla (onx.), which formed
the sides of the nasal opening at least in part, is a very massive
and greatly developed bone. Externally to its tooth-bearing
and palatal region it is produced laterally into a shelf of bone
the hinder border of which is opposite the hinder lobe of the
first molar. Posteriorly it forms the floor of the orbit, and no

Text-fio-ure 2.

StuU of Dinotlierium gigantewm.

From above: about tV iiat. size.

U.S., outer angle of squamosal; ex.n., external nares
;
/i(^., jugal; ?.c., lambdoidal

crest; n.f., nuchal fossa: o.c, occipital condyles; oc.s., occipital surface;

p.orh., postorbital process of {xo\\tA\; pt.fl., post-tympanic flange ; j\, ridge

from outer angle of squamosal.

doubt joined the jugal, on which the lower post-orbitol process

is borne. In front of the orbit the maxilla foi'ms a great mass of

bone, terminating laterally in a I'ugose somewhat concave surface

for the attachment of a muscle (m.s.), probably the maxillo-

36*
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labialis supeiior. The Icacluynial bone perhaps took part in

the formation of this pre-orbital mass, but its limits cannot

be determined. The very large antorbital foramen {a.f.) opens

on the lower surface of the maxilla, about mid-way between its

prominent pre- orbital boss and the premolar teeth. The point of

union of the maxillfe with the premaxillfe is probably marked by

Text-fio'ure 3.

mx.

Skull of Dinotherium gigantetim.

From below : about tV nat. size.

a.f., antoibital foramen; al.c, posterior opening of alisplienoid canal; a.s., outer

angle of squamosal; a«., external auditory meatus; f.l-TP-, P foramen

laccrum postering
; j., jugal

;
gl., glenoid surface for mandible ; m. 3, third

molar; m.r., maxilla: no.c, occipital condyles; ^mx., premaxilla ; pt.fl., post-

tympanic flange; t.b., ? tympanic bulla; syg., zygomatic process of the

S(iuamosal.

the sudden narrowing of the snout about 40 centimeties in front

of the orbit. The suture between the two bones can be traced

for a short distance on the palatal siuface.
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The premaxillse (pmx.), though narrower than the maxilJas, are
still very massive and widely expanded. Their upper surface is

concave from side to side, the lower convex in the same direction.

In the mid-ventral line they are separated in the actual skull by
a cleft, probably the result of distortion through crushing : in the
cast, which seems to have been made before the skull had been
broken, there is only a deep groove. From the posterior angles of

this groove a pair of ridges run back on the palatal surface to the
anterior end of the tooth series.

The anterior ends of the premaxillse are thickened, and terminate
in a nearly flat surface in which there aie some irregular asym-
metrically arranged pits but no real trace of any incisor alveoli,

though it seems not unlikely that incisors will be found to have
been present in the young animal. The anterior portion of the

skull in front of the tooth series is curved downwards, its palatal

surface approximately following the curve of the downturned
mandibular symphysis.

The structure of the basal region of the skull is not very clear,

probably in consequence of the crushing and fracturing it has
undergone. On either side of the basioccipital there is a fairly

well-developed auditory bulla (t.b.). External to this is a strong

crest of bone, terminating posteriorly at the process described

above as the paroccipital (p.p.). Anteriorly it runs inwards to

the sides of the basisphenoid. This crest, which seems—at least in

front—to be formed by the pterygoid, turns downwai'ds anterior])',

and forms the border of the narrow opening of the posterior

nares (p.n.) : ventrally it terminates jxist behind the tooth series

in a boss of bone which forms the posterior angle of the hard
palate. Dorsal to this boss there is a deep fossa, presumably
in the palatine, passing upwards to the hinder opening of the ali-

sphenoid canal (al.c). Behind and a little to the outer side of this

opening is the inner end of the extraordinarily elongated glenoid

surface (gl.) for the mandible. This surface is very narrow
from before backwards and gently convex in the same direction :

posteriorly it is bounded by the depression separating it from the

post-tympanic flange. Its outer end is immediately behind the

base of the zygomatic process (zi/g.) of the squamosal, and its

anterior border, at least in its outer half, abuts on the temporal

fossa. The auditory opening («m.o.) is opposite the outer border

of the zygomatic process : the external auditory meatus is greatly

elongated, and its floor is formed by the roof of the channel

behind the glenoid surface. Above the auditory opening the

massive lateral angle of the squamosal (a.s.) projects outwards some
fourteen or fifteen centimetres. The structure of a bony laby-

rinth supposed to belong to Dinotherium has been described and

figured by Claudius (" Das Gehorlabyrinth von Dmother'mm
giganteum" Palseontographica, vol. xiii. (1864-66) p. 65).

The opening of the optic foramen is indicated by a depression,

from the upper edge of which a downwardly deflected ridge {or.r.)

runs upwards and forwards across the side wall of the skull and
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terminates in front in the post-orbital process [p.oi^b.). Towards its

anterior end it becomes very prominent, sharply delimiting the
ej^e-socket above. This ridge seems to be very characteristic of

the Proboscidea : it occurs in Mce.ritheriuvi and probably in all

the members of the group.

The skull of Binotherium is. in many respects, one of the most
remarkable known. Although fundamentally its characteis are

clearly Proboscidean, nevertheless it differs widely from tlie skulls

of the other members of the group and, indeed, in some respects

from that of any other mammal. In the true Elephants and

Text-figure 4.

n.f.

a.s.

Skull of Dinotherium giganteum.

From behind : about -^3 iiat. siee.

a.s., OTitev angle of squamosal
;
y.i»., foramen magnum; n.f., nuchal fossa; o.c,

occipital condyle; p.n., posterior nares; p.p., paroccipital process; pt.fl.,

post-tympanic flange; r., ridge from outer angle of squamosal.

Mastodons the peculiar form of the skull is mainly due to the

enormous development of cellular bone in the occipital region,

increasing the area available for the attachment of the muscles

necessary for the support of the heavy trunk and tusks. In
Dinothervmn, although the upper tusks are wanting, the trunk,

judging from the large size of the nasal opening, must have been

enormous, and the weight of the head was further increased by
the great deflected mandibular symphysis with its large tusks.

In thisca,se, however, the area for the attachment of the support-

ing muscles was supplied by the widening out of the occipital

surface, which was further increased laterally by the extension

outwards of the squamosals. Little or no cellular bone seems to

have been developed, the occipital surface above the post-tympanic

flanges being nearly {la,t except for the depression for the nuchal
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ligament. This flattening of the occiput, combined with its

forward inclination, must have made it possible for the animal to
move its head up and down through a large arc, a movement
perhaps connected with the use of the downwardly directed lower
tusks. The great width of the proboscis, probably rendered
possible by the absence of upper tusks, led to the widening out
of the skull in the orbital region, producing the shelf-like

projection of the maxillae above noticed. The great width of the
glenoid surface for the mandible is a peculiarity for which it is

difficult to account, unless it is correlated with the general
widening of this region of the skull.

The skeleton of Dinotherium is still very imperfectly known,
but such bones as have been described show that the animal must
have been quite Elephantine in structure and appearance excej)t

as to its hea.d, the legs being pillar-like and the neck short. A
femur probably associated with the skull above described measured
150 cm. in length. The numerous speculations as to the appearance
and habits of Dinotherium have been summarized by de Blainville

and Stefanescu in their works referred to above. Most writers

seem to suppose that the animal was cJuefly fluviatile and
aquatic in its habits, but there appears to be no good reason for

believing that it Avas more so than the Elephants.

The origin of Dinotheriumi is a question of much obscurity.

The genus must have branched off from the main Proboscidean

stem at a very early date, probably originating from an a.nimal in

much the same stage of evolution as Moeritheriuvn, the teeth being

still simply bilophodont. The premolar series is more highly

modified than in Mceritherium, the series being reduced to pm. 3

and pm. 4, the latter being bilophodont like the postei-ior molars.

This modification of the premolars, like the acquisition of the third

ridge in m. 1 and the reduction of the heel of m. 3, may have
arisen after the divergence from the majn stock had taken place.

It is interesting to note that the last lower milk molar of

Mceritherium shows a strong tendency to trilophodonty, the

posterior ridge being fairly distinct : in Dinotherium also this

tooth is trilophodont. If, as seems almost certain, Dinotherium

originated from some small comparatively generalized type, it is

interesting to note how, after its separation from the main stock,

the direction of evolution is almost the same as in the latter.

Thus there was a
_
general increase in stature, which, being

accompanied by a shortening of the neck, necessitated, as in the

Elephants and Mastodons, the development of an elongated

snout ; so that it ma}'' be regarded as certain that Dinotherium

passed through a longirostrine stage comparable to that of

which the beginning is seen in Palceomastodon and the culmina-

tion, so far as the elongation of the lower jaw is concerned, in

Tetrahelodon angustidens. Subsequently the symphysis became

somewhat shortened and was deflected, the lower incisors at the

same time becoming enlarged. It is interesting to notice that a

tendency to a similar type of modification of the mandible occurs
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in that group of Tetrabeloclonts to wbich Professor Osborn gives
the name Rhynchorostrinse, the most extreme case being
T^ dinotherioicles. This deflexion of the mandibular symphysis
led to the development of the flexible free trunk, just as the
shortening of the symphysis did in the main stem, but while in

this the vijjper incisors tended to increase in size, in the
Dinotheres they disappeared.

The dimensions of the skull above described (taken on the cast)
are :

—

cm.
Length from occipital condyle to tip of premaxillse. 1 2

1

Length from posterior border of palate to tip of

premaxilla? 84
Width between outer angles of the squamosals ... 90
Width between outer boi'ders of the zygomatic

processes 74
Width between the openingis of the ear 68
Length of glenoid surface from before backwards. 6*3

Width of glenoid surface from side to side 24
Width of the occipital condyles 31
Width of skull just in front of the ant-orbital

foramen 57
Width of the anterior end of the premaxilke 31

Length of molar-premolar series 47
Length of molar series ,

30-2
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Since the different species of Otters are remarkably alike in

general appearance, and the published notes on their external

characters, to which Gray in particular paid great attention more
than half a century ago, were taken apparently from dried skins,

tlie following illustrated descriptions of tbe three species, Luira
lutra^ L. maculicollis, and L. cinerea^ exhibited dui'ing the past

few years in the Zoological Gardens, supplemented by an
examination of the softened skin of a stuffed example of Aonyx
capensis, and followed by some general conclusions with regard to

the systematic status of the species examined and the descent of

the Lutrinse, may prove of interest.

The Ehmariuni.—The extent to which the rhinarium is covered

with hair has frequently been used since Gray's time as one of

the best external characters for distinguishing the species of

Otters.

In Lutra lutra it is entirely naked and a little Avider than

long ; but judging from descriptions is variable in shape. Gray,

for example, described the lower edges as straight and the upper

as " rather produced and angular." Blanford corroborates this,

saying that the " upper edge is not straight but projects in the

middle and is concave on each side, running up considerably to

the hinder edge of the nostril." Miller, on the contrary, says the

upper margin is " strongly convex at middle, the lower slightly

so." In the specimen here figured the upper edge agrees precisely

with Blanford's description, and the lower margin is angularly

produced. The nostrils are widely separated and there is no

philtrum, the upper lip being continuously hairy and about as

deep as the height of the rhinarium. This species has a com-

paratively long muzzle, as shown by the skull, and the plane of

the rhinarium is inclined upwards and forwards at an angle of

about 60° or less.

In the Asiatic small-clawed Otter {Lutra cinerea), a short-
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Text-figuie 19.

A. Head of Amhlonyz cinerea.

B. Rhinai-ium and upper lip of the same from the front.

C. Rhinarium of the same from ahove.

D. Head of -Hyrfr/c^js maculicoUis.

E. Rhinarium and lip of the same from the front.

F. Rhinarium of the same from above.

G. Rhinarium of Aonyx caper,sis from the front (skin dried and softened).

H. Rhinarium of Lutra lutra from the front.

I. 'Rhinarium of Lutra Intra from the side.

K. Ear of Lutra lutra.

AH figures, except K, X i.
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jawed form, the plane of the rhinarium is ahiiost vertical.

Otherwise it closely resembles that of the European species,

except that its upper edge is straight transversely between the

posterior edges of the nostrils and its inferior edge less produced.

So far as it is possible to judge on the dried skin, the rhinarium
of the African clawless Otter {Aonyx capensis) resembles that of

the Indian form L. cinerea, which is often associated with it.

The other well-known African Otter [Luira inaculicoUis) has a

very different rhinarium, although as in L. cinerea its plane is

vertical. It is very much reduced in size, being overgrown with

hair to such an extent that little more than the edges of the

nostrils a.re naked. The inferior border is quite straight and the

infranarial portion on each side is shallow, while its upper edge

is sinuously concave backwards, owing to the advancement of the

hair in a curved line on each side from the posterior margin of

the nostril to the middle line, where it nearly divides the rhinarium

into two portions. From this it results that the middle of the

rhinarium is less than one-fourth of the depth of the upper lip.

The Facial Vibrissce.—The facial vibrissse in Otters are, as a

rule, exceedingly coarse and numerous as in most predatory

aquatic mammals. Two points to be noted, however, are that

the mystacials, as compared with those of normal terrestrial

mammals, are relatively short, not longer that is to say than

the genals, and that the genal tufts, especially the inferior, are

exceptionally well developed, the vibrisspe being numerous and

long. The material examined does not warrant the opinion that

Lutra lutra, L. cinerea, and L. inaculicollis differ in any way
vv^ith respect to their vibrissse ; but the vibrissae of Aonyx capensis

are decidedly less stout and stiff, especially perhaps those forming

the upper genal tuft *.

The Ear.—The external ear in Otters is always small and oval,

and comparatively simple in structure, the bursa being absent.

In the European species {Lutra liotra) the tragus and antitragus

are tolerably well developed, with a well-marked notch between

them, and just inside the antitragus there is a strong ridge-like

thickening forming the posterior rim of the cavi^y. The supi-a-

tragus is a shelf-like ridge with well-developed fleshy lobe.

In the Indian small-clawed Otter [L. cinerea) the ear is very

like that of L. lutra, but relatively smaller, the cavity not

extending so high above the supratragus ; and the tragus and

antitragus are inconspicuous. On the dried skin I could find

nothing distinctive about the ear of Aonyx capensis. In L. macu-

licollis the ear is simpler than in L. cinerea. The inferior edge of

the cavity shows no trace of a notch, the tragal and antitragal

thickenings being altogether suppressed, and the supratragus is

represented merely by a rounded tubercle corresponding to the

fleshy lobe of this thickening seen in L. lutra and cinerea.

* Hinton (Ann. Mag. Nat. Hist. (9) vii. p. 195, 1921) has recently proposed the

new generic name Faraony.r for two clawless Otters from the Congo which differ,

amongst other things, from Aonyx in the. complete suppression of the superciliary and

upper genal tufts.
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Text-fiaure 20.

A. Right fore foot of Lutra Intra.

B. Right hind foot of Lutra lutra.

C. Right fore foot of Hydrictis maculieollis.

D. Right hind foot of Sydrictis maculicollis.
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The Feet *.—The feet of the Lutrinse or Otters are so vari-

able that it is hardly possible to mention a single character in

which they differ from those of the other Mustelidae collectively,

except that the fore paw is always much smaller than the hind.

In some cases the digits are less fully webbed than in any other

genus of the family except Lyncodoyi ; but in the typical forms
the feet are more fully webbed because the digits are relatively

longer and more widely separable, owing to the greater width
and less emargination of the webs, especially of those joining the

first and second, second and third, and fourth and fifth digits.

In Lu.tra lutra, for example, the third and fourth digits of the

fore foot are not more widely separated nor more fully webbed
than in Charronia or Gulo ; but the webs between the fourth

and fifth, and third and second, and second and first digits extend
with a nearly straight edge between points near the middle of

the margins of the digital pads. The claws are well developed

and project well beyond the tips of the digital pads, and the sole

of the foot is naked back to the proximal margin of the single

lai-ge, sometimes nearly hemispherical, sometimes transversely

elongated carpal pad. The radial or internal element of the

carpal pad is not sepai'ately distinguishable. There is a short,

naked area between the carpal and the plantar pad ; and the

main part of the Is^^ter is well developed but narrow, that is to

say about as wide as long, and distinctly three-lobed ; the two
lateral lobes nearly meet behind the median, and the pollical

element is small" anj indistinctly defined from the posterior end
of the adjoining lobe. The hair of the wrist extends right down
to the carpal pad. Tl''^ hind foot is markedly larger than the

fore foot owing to the greater elongation of the digits, which
have consequently deeper aiid widej; webs. The plantar pad is

remarkably modified. ' Its median lobe is elongated and some-

what heart-shaped ; the, external lube, defined by a deep groove,

extends far back l)ehind the median- in contact thi'oughout its

length with the inner lobe, which is almost as long but has its

free edge emarginate, the proximal or pollical element being

large. The three main lobes just described are defined from
each other by a Y-shaped groove. The hair of the metatarsus

extends down to the proximal end of the plantar pad, and thei^e

is no trace of metatarsal p.ad.

In Lutra maculicollis the digits are relatively longer than in

L. lutra and the webs are better developed, extending to the

distal end of the digital pads on their inner sides. The plantar

pad of the fore foot is more norpnally shaped, being considerably

wider than long and four-lobed. . The median lobe is not narrowed

behind, the posterior ends of the main lateral lobes are widely

separated, alid the pollical lobe is clearly defined. The single

ulnar carpal pad is much smaller than in L. lutra ; and apart

from the pads which are naked, the underside of the foot is

covered with fine, short scattered hairs. The hind foot differs

* The carpal vibrissse are present in all tlie specimens described.
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Text-figure 21

.

A. Eight fore foot of Aon^/x cajoensis.

B. Right hind foot of Aony.v capensis.

C. Tip of digit with minute claw of hind foot of same.

D. Right fore foot of Amhlonyx cinereus.

E. Right hind foot of Ambloni/x cinereus.

F. External aspect of fore foot of same, showing claws.
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from that of L. Intra in similar respects, except that the plantar

pad is very poorly defined, its three lobes gradually fading away
into the scantily hairy area of the metatarsus at the proximal
end of the digits. The median lobe is tolerably broad in front

and tapering behind, the external lateral lobe is scarcely difteren-

tiated from the base of the fifth digit, the internal lateral is a

mere thickened ridge of skin covering the base of the second

digit, and there is no trace of the internal or hallucal lobe. The
skin of the metatarsus close to the proximal ends of the digits

and of the plantar pad is scantily hairy, like the lower side of the

webs and digits ; but above it is thickly haired as in L. Intra.

In Lutra cinerea the feet differ from those of Lutra lutra and
L. maculicoUis in being- narrower owing to the shortness of the

digits and the comparative shallowness and narrowness of the

webs, which reach only to the pi-oximal end of the digital pads,

those joining the second and third, and fourth and fifth digits

being decidedly emarginate, although not quite to the same
extent as in cursorial and fossorial Mustelidse. The claws, more-

over, are very short, almost erect, and quite concealed when the

feet are examined from below. The plantar pads also are better

developed and more normal in shape, being longer than wide,

subsymmetrical and four-lobed, the inner main lobe being pro-

longed by the pollical and hallucal elements. In the hind foot

the outer main lobe is distinctly divided into an anterior and
posterior portion by a transverse groove and almost in contact in

the middle line with the internal lateral lobe. Above this pad

the metatarsal area is mostly covered with naked wrinkled skin,

the heel only being hairy. In the fore foot the carpal pad is

relatively as lai^ge as in L. lutra, but it is defined above by a

naked strip of skin over which the hair of the wrist does not

extend. The lower sides of the webs and the grooves between

the pads are beset with small hairs, but they axe shorter and fewer

than in L. maculicoUis.

In Aonyx cajjensis*, the African clawless Otter, the hind foot

is very like that of L. cinerea in the development of the digits

and webs ; but the hair on the metatarsal area extends farther

towards the plantai- pad. The fore foot also is tolerably similar

to that of L. cinerea apart from the great difference that the

webs between the digits reach only to the distal end of the first

phalange, the ends of the digits being free. This terminal

freedom of the digits from webbing is not found in any of the

cursorial or fossorial Mustelidae. A further peculiarity of this

Otter is the suppression of the claws on the fore foot and on the

first, second, and fifth digits of the hind foot. On the third and

fourth digits of the hind foot they are merely retained as small

flattish nails.

* I am greatly indebted to Mr. Fitzsimons, of the Port Elizabeth Museum, for very

kindly sending me at my special request an example of this Otter from the collection

under his charge. It was a mounted specimen, and the method of preservation made
it impossible for me to ascertain the precise shape of the plantar and carpal pads.
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A fui-tlier stage in the disappearance of the webs is shown in

Paraonyx, which is described by Hinton as having unwebbed
digits on the fore foot and the digits of the hind foot webbed
to the base of .tlie second phalange, apparently as in the fore

foot of A onyx.

Anus and External Genitalia.—About the anus and external

genitalia there is very little to be said, since they closely resemble

those of such typical Mustelidfe as Martes in having the anus

encircled and the perinseum covered with hair and the two normal

anal glands present, with the scent of the secretion compara-

tively inoffensive. The penis of Lutra lutra is moderately long,

and is supported by a stout, nearly straight baculum* about

60 mm. long, convex above, flatter and sometimes faintly grooved

below, and gradually narrowed from the base up to the apex,

where it expands into two short, deeply cleft, thick condyle-like

bi-anches, curved downwards. The branches are not alike, the

right being a little thinner and less curved than the left. The
urethra runs along the underside of the baculum, which is in-

vested in soft vascular distensible tissue, and opens in the middle

line below, just behind the condyle-like thickenings of the

baculum

.

The baculum of L. cinerea is very like that of L. lutra, but is

of more even width throughout and the two terminal branches

are not curved downwards.

The Genera of Otters of the Old World.

Apart from the incidental mention of Paraonyx, the Otters

discussed in the foregoing pages have been refeired to the two
genera, Lutra and Aonyx. But if the nomenclature of this group

is to be brought into line with that of other groups of Mammals,
as the publication of Paraonyx seems to demand, it is certain

that several generic and subgeneric terms long ago proposed but

never as yet adopted will have to be restored to use. I have

neither the material nor the time to go into the quesfion beyond

the limits of the species exhibited in the Zoological Gardens, of

which skulls or skins, or botli, are in the Society's possession.

Otters unfortunately, although so widely distributed, are very

seldom in the live animal market, and it does not a.ppear that

more than the following species have been exhibited in the

Gardens :

—

Lutra lutra, Z. harang (entered as oiair), L. cinerea,

L. macidicollis, and L. platensis.

Each of the four exotic species has been severed fiom Lutra,

and received a generic or subgeneric name. About platensis,

named Nutria by Gray, I have nothing to say, the specimen

having been sent unexamined to the British Museum. The
Oriental species determined by Thomas as harang was referred

by Gray to the subgenus Lutrogale under the name monticola.

1 have no personal knowledge of the external characters ; but the

* Described by Blainville, Pohl, and other autliors.
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skull appears to me to dijSer from tha.t .of Lutra in characters
which by the modern standard must be regarded as of generic
value. It is much higher ; the much larger orbit is thrust so far
forwards that its anterior rim is above the front edge of jmi. 3,
thus greatl}- reducing tlie length of the muzzle, lengthening the
floor of the orbit, bringing the frontal postorbital process over
the middle of the upper carnassial, and lengthening the area of
the cranium between those processes and the " waist." Added
to this, the anterior nares are much less sloped, the infraorbital
foramen is almost concealed in profile view by its upper bar, and
the teeth are out of all proportion larger, etc.

The long-clawed African Otter (maculicoUis), the type of
Gray's genus Ri/droyale, differs from typical Lutra in the reduction
of the rhinarium and tiie simplification of the ear ; in the rela-

tively large, more fully webbed and hairy-soled feet with reduced
plantar pads; and in many cranial characters, especially the
shortness of the muzzle, length of the orbital floor, and the
generally immature aspect of the skull owing to the feeble

development of constrictions, crests, and prominences.
Since the sum of the differences appear to me to be of generic

value, I propose the name nydrictis to replace Gray's twice
preoccupied name Hydrogale.

In defence of the adoption of the name Aonyx for the African
small-clawed Otter I need say nothing, since the genus appears to

be admitted as valid.

Tlie Oi-iental small-clawed Otter (cinerea) was nanied Amblonyx
by Rafinesque in 1832. By modern writers it has been referred

either to Aonyx or to Lutra, despite its differences from both.

It resembles Lutra in the rhinarium, facial vibrissa?, and the ear,

but differs in the structure of the feet, which are narrower
owing to the shorter digits being joined by narrower webs,
especially between the second and third and fourth and fifth

digits, none of the webs extending beyond the proximal ends of

the digital pads. The claws also are short and nearly erect or

sometimes, according to Blanford, absent * ; and only the
calcaneal a,rea of the hind foot is haiiy. The skull also is veiy
different from that of Lutra, and much resembles that of Lutro-

gale harang in the character of the muzzle and the size of the

teeth, but is altogether much shorter from the frontal postorbital

processes and the molars back to the occipital crest and condyles
;

the interorbital region is wider, the waist much shorter, and the

orbital floor less extensive owing to the shortening of the tooth

row.

In external characters Amblonyx differs from Aonyw, at all

events, in the extension of the webbing of the fore feet to the

digital pads and in the normal coarseness of the facial vibrissae.

"* Tlie ahbreviatioii of the claws of the front foot is accompanied in this Otter by
extreme delicac}' of tlie sense of touch in this extremity. I have seen one of these

animals manipulating- and playino: with a marhle in a manner recalling that of a
conjuror juggling with a cricket-hall.

Proc. Zool. Soc—195^1, No. XXXVII. 37



544 MR. R. I. POCOCK ON THE EXTERNAL

Thus four genera of Otters occur in Africa: Lutra liotra,

north of the Saliara, Hydrogale maculicoUis and Aonyx capensis,

south of the Sahara, and Paraonyx congicus, etc., in the Congo
area ; and three in India, where the}' seem to be widely dis-

tributed : Lutra lutra or allied species ; Lutrogale barang ; and
Aonhlonyx cinerea*.

Omitting Lutrogale barang, whose external chai'acters are only

known to me from descriptions which supply no evidence of

difterence from Lutra httra, these Otters may be distinguished as

follows :

—

a. Fore feet with digits unweLbed; hind feet webbed to proximal end
of second phalange ; superciliary and upper genal vibrissse sup-

pressed (Hinton) Paraonyx.

a'. Fore feet with digits at least half-webbed ; hind feet webbed at

least to proximal end of third phalange ; superciliary and upper
genal vibrisste retained.

b. Fore feet webbed to proximal end of second phalange; facial

vibrissae comparatively slender and soft Aonyx.

h'. Fore feet webbed at least to proximal end of third phalange;
facial vibrissae comparatively stout and stiff.

c. Claws small or vestigial; digits short, webs narrow, reaching to

proximal end of digital pads ; hairs on metatarsus restricted

to calcaneum ; skull short, especially behind zygomatic arches. Amhlonyx.

c'. Claws long, digits longer, webs wider, reaching at least half-

way along digital pads ; metatarsus hairy to plantar pad

;

skull long behind zygomatic iirch.

d. Digits longer, more fully webbed, plantar pads poorly
developed, especially on hind foot, carpal pad small, webs
hairy below ; rhinarium nearly covered with hair ; ear

simplified ; skull with muzzle and mesopterygoid fossa

short Sydrictis.

d'. Digits short, less fully webbed, plantar pads well developed,

carpal pad Lirge, webs naked belovv; rhinarium naked;
ear with well-developed tragus, antitragns, and supra-

tragus ; skull with muzzle and mesopterygoid fossa long... Lutra.

The Descent of the Lutrince.

So far as I am av.'are, Miller is the only author who has

attempted to affiliate tlie Lutrinee definitely with one of the other

subfamilies of Mustelidae. This is embodied in the suggestion

that they "appear to be essentially badgers modified for semi-

aquatic life." Even granting the widest possible meaning to the

word " badgers," I am quite unable to agree with this view.

Miller, I think, placed too mucli reliance upon the teeth ; but

it does not appear to nie that the teeth of Liitra lutra, perhaps

the least modified of all the Otters, are more like those of Meles

than of Martes. Again, in the Otters the shape of the skull, with

its fiat or slightly arched crown, its short muzzle, long back, and
forwardly set posterior palatine foramina, forcibly recalls that of

Mustela or Grison, and is quite unlike that of Meles, or indeed of

any of the genera usually referred to the Melihse, in all of which
the skull has a long jaw and short back and, except in the

* I have not examined the type of Gray's genus Barangia, namely sumatrana,
which is, I believe, the only other admitted species of Old Woi'ld Otter,
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Skunks, the palatine foi'amina in question placed on the maxillo-

palatine suture.

Both Mustela a.nd Grison are predatory terrestrial forms ; and
on a priori grounds it seems to be much more probable that the

Otters are the descendants, modified for aquatic life, of some
group of active, predatory terrestrial Mustelidfe than of com-
paratively inactive, specialized diggers like the Badgers. This

view is supported by the long, slender, flexible body, the long

tail, the broadly webbed, well spread digits, small claws and small

front paws. These charactei'S are found associated only in the

genera currently referred to the Mustelinae, but not in any of

the so-called Melinse, which have a short thick body, short tail,

closely tied toes, powerful claws, especially on the fore feet, and
the latter are larger than the hind feet.

Another point worth considering is the presence in a few
unrelated species— i.e. Lutra canadensis, according to Gray, and in

Hydrictis maculicollis and Amblonyx cinerea—of hairs upon the

lower side of the webs of the feet. It seems to me to be difficult

to explain their occurrence on the hypothesis of the descent of

the Otters from naked footed Meline burrowers. The hairs seem
to be quite functionless, and they have all the appearance of

harmless vestigial structures suggesting the descent of Otters

from hairy-footed forms. And since the Martens, Wolverenes,

and Weasels, in the broad sense of the word, are the only members
of the Mustelidse, apart from the Otters just mentioned, which

have hair upon the webs below, these hairs may be regarded as

an additional item of evidence pointing to those active predatory

Mustelidse as standing nearest to the extinct ancestors of the

Otters.

It is not of course suggested that the Otters are the descendants

of any of the Martens or Weasels known to \\s, but that they are

an offshoot from that line of descent; and I visualize their ancestor

as an active terrestrial, predatory Mustelid with a well-developed

tail and feet with the longish digits provided with short, sharp

claws and united by wide webs, hairy below but not so hairy as

in Martes or Mustela, and with the pads probably as large as in

Charronia, with the skull shaped like that of Mustela or Grison,

the auditory bulla like that of Martes and also the dentition,

except that the upper carnassial had a larger inner lobe such as

is seen in Grison.

The enlargement of the hind feet as compared with the fore

feet, the thickening of the facial vibrissse, with the correlated

expansion of the upper lip and enlargement of the suborbital

foramen, the reduction and simplification of the ear, the texture

of the fur, and the muscular development of the tail, are special

adaptions to aquatic life. Similarly, the enlargement of the back

teeth, recalling in a measure that of the Melinge, may be looked

upon as an adaptation for breaking up fish-bones and rendering

them harmless to swnlloAv.

The explanation of the great difference in dentition between
37*
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the Otters niid the Seals may be explained in this way. Otters

masticate their fish and require broad, ilat-crowned teeth for the

purpose. Seals swallow them entire, and the teeth are modified

for catching and holding the slippery prey.

[Note.] After this paper was written, Mr. Thomas drew my
attention to the elaborate monogrnph of the Lutrinse published

by Pohle in November 1920 (Arch. f. Naturg. 1919, pt. 9, pp. 1-

247). So far as the species I have discussed are concerned, Pohle's

systematic results, based upon skulls, teeth, and dried skins, differ

m two points only from mine. While admitting the genera

Amhlony.v and Aonyx* as distinct from Lutra, he granted Zwitro-

gale harang only subgeneric rank under Litira, and dismissed

maculicollis and two related species as "Die macuUcollis-Gvw^^e^^

of Lutra f. Since the properly constituted subgenera and

"groups" of species of one generation of workers almost

invariably become the genera of the next, the fulfilment of their

destiny in that respect by Lidrogale and the macidicollis-gvow^

may, I think, be confidently predicted.

I see no reason, therefore, for making any change in the text

of this communication.

* I'olile missed Paraonyx altbougli he had tlie descnptiou of congica before him

and apparently plontv of material of the genus in the skins and skulls of the species

he described as Aonyx microdon. This remark, however, is not intended as any

disparagement of Pohle's work, which appears to me to be exceptionally good. In

addition to the genera and species, it deals with geographical distribution, cranial

changes with growth, milk-dentition, and so forth.

t Similarly, Pohle established " Die Snmatrana-Giu]^]K " \_=Barangia Gray] and

"Die jj?rt<e»s)s-Grnppe" for the American Otters canadensis, annecttns, enudris,

jdatensis, provocax and feJina—'A group ior which the name Lonira Gray appears

to be the oldest, with Lata.vina and Nutria as synonyms.
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30. The (Comparative Anatomy of the Koala (PJiascoIarctos

cinereus) and Vulpine Plialanger (TricJiosurus vnl/ie-

iuda). By Charles F. Sonntag, M.D., F.Z.S.,

Anatomist to the Society.

[Received May 7, 1921 : Read June 7, 1921.]

(Plates v., VI. ; Text-figures 53-63.)

The observations recorded here are based on the examination

of an adult male Trichosurus vulpectda which died in the Society's

Gardens, and a 3^oung female Phascolarctos cinereus which

Mr. A. F. Richardson, of Hull, sent to us for examination after

death.

The measurements of the Koala are as follows :

—

Ccnihncires.

Length from tip of nose to root of tail 50
„''

of head 12-5

of tail 2-5

Greatest width of head 7 '5

Length of fore limb (arm, 9"5; forearm, 13"5;

manus, 4-5) 27*5

Length of hind limb (thigh, 11-5; leg, 12:

pes, 5) ' 28-5

The external characters presented nothing new.

Sir Everard Home, who wrote the first account of the internal

anatomy of the Koala, in 1808, dei-cribed the character of the

glandular patch of the lesser curvature of the stomach, and the

prostate gland which resembles tha,t of the KM.ngaroo ; he also

recorded the absence of the patella (5). Eighteen years later

Dr. Robert Knox, of Edinburgh, described the long cfecnm for

the first time, and named the Koala the "Wombat of Flinders"

in honour of its discoverer. He also criticised the wiitings of

Home, Illiger, Cuvier, Desmarest, and De Blainville. Since

then accounts of the anatom}^ of the entire animal have been

written by Martin (8), Forbes (4), and Young (13), and indi-

vidual organs have been described by Flower (3), Owen (11),

Macalister (7), and Chalmers Mitchell (9). The histology of

diflerent parts has been described by Oppel (10) and Braus (1).

The Anatomy of the Head and Neck.

Phascolarctos cinereus.

When the skin of the head is removed it is seen how the

platysma myoides. muscles of mastication, auricular muscles, and

those round the orbit and mouth are strongly develo[)ed.

The jf^Zftiysma wiyozffes arises posteriorly from a strong panni-

culus carnosus. It has a clearly-defined line of attachment to
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the lips, and some of its fibres fuse with those of the muscles

of the angle of the mouth and orbit. It covers the anterior part

of the masseter muscle and the facial vessels. It has been divided

along the lines i.i. in text-fig. 53.

The masseter muscle (text-fig. 53) has been described by
Macalister. It has a tendinous lower border (&), from under

cover of which the facial artery (a) emerges and runs antero-

superiorly ; it gives off an external nasal branch (c) which runs

along the antero-syperior border of the cheek-pouch (CP). The
masseter is crossed by the anterior facial vein (fZ), transverse

facial artery {f), and Stensen's Duct (e).

Text-figure 53.

The side of the head of Phascolarctos cinereus.

J. Jc. posterior auricular vessels ; I. parotid gland. Other letters in text.

Macalister has described the attolens, attrahens, and retrahens

muscles which act on the large auricles.

The anteriorJacial vein has the usual origin, course, relations,

and branches. It unites with the posterior facial vein on the

(Surface of the exoccipital process {g) to form the external jugular

vein. No part of it is seen in the interramal space of the

mandible, and the vena transversa (text-fig. 54, 12), which is

long and V-shaped, connects the external jugular veins (11)

instead of the antei-ior facials ; it receives lingual, muscular (3,

18), sub-maxillaiy (21), and a single submental vein (2), but no

anterior jugiblar vein connects it to the internal jugidar vein.

The Parotid Gland is large, and forms a prominent mass in the

face and neck. Running on its sui'face are the posterior auricular

vessels.

The neck is divided, as usual, into mesial and lateral triangles

by the stei'no-mastoid muscle (text-fig. 54, 10), and these have

the usual boundaries. The base of the lateral triangle is formed
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by the clavicle (17) as in all Marsupials except the Peramelidse,

which have no clavicles.

In the space between the mesial borclers of the sternomastoids
there is a thin muscular sheet formed by the mylo-hyoid (i)

anteriorly, the digastrics (9) antero-latei'ally, and the sterno-

hyoids (13) posteriorly ; the sterno-hyoids have become separated

from the hyoid bone in this specimen, but the whole sheet plays

over it. Anterior to the digasti'ics are the submaxillary glands (4).

Text-figure 54.

I— /.

The superficial anatomy of the neck of Fhascolarctos cinereus.

5 and 6. anterior and posterior facial veins ; 7,20. exoccipital process; 8. posterior

auricular vein; 11. external jugular vein; 16. supraclavicular nerves;

17. clavicles; 19. masseter. Other immhers in text.

The space between the sheet and the sterno-mastoids is bridged
over by a triangular fascia (14) which covers the common carotid

artery, vago-sympathetic nerve-trunk, and the nerve to the
pretracheal muscles. It does not cover the internal jugular vein,

which is under cover of the sterno-mastoid.

Trichosuras vulpecula (text-fig. 55).

The superficial anatomy differs from that of Fhascolarctos in

the following respects :

—

1. The platysma is not so well developed. 2. The external

nasal artery does not follow a cheek-pouch. 3. The auricular
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musclfts are not so powerful. 4. The vena transversa is horizontal,

and runs between the anterior facial veins. It is coiniected to

the internal jugular veins (x) and receives two submental veins

;

a small part of it loops into the interramal space. '5. The
sterno-hyoid muscles are attached to the hyoid bone. 6. The
superficial sheet between the sternomastoids of Phascolarctos

is absent. Neither in Phascolarctos nor in Trichosuj^iis does the
vena transversa receive laryngeal veins.

Text-figure 55.

The superficial anat-omj' of the neck of Trichosurus vulpecula.

Numbers as in previous figure.

The deep anatomy of the neck differs greatly in the two
species :

—

Phascolarctos cinereus.

When the muscular sheet described above is removed the
conditions shown in text-fig. 56 make their appearance.
The walls of the mouth (/) and pharynx (g) lie immediately

under cover of the muscular sheet, and the following structures

are seen to lie on their externa*! surface :

—

1. Two long, nari-ow strap-like genio-hyoid muscles (a, a)
running from the symphysis menti to be attached to the hyoid
bone (m) and larynx (I). They cross the lingual arteries (c).

2. The lingual arteries. 3. The hypoglossal nerves (d). 4. The
pharyngeal branches of the vagi (e), which are very tortuous.
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A short interval separates the insertions of the genio-hyoicl

and sterno-thyroid ninscles [i), which arise from the hock of the

sternum and third costal cartilnges. At the posterior part of

Text-fig-ure 56.

3'

The deep anatomy of the neck of Flmscolarctos cineretts.

j. level of opening of nasal tube into the pharynx; Ic. thyro-hyal capping

the shaded basi-hyal (m). Other letters in text.

the neck the lateral lobes of the thyroid gland (A. A) project

from under cover of the stei-no-thyroids, and extend for a short

distance dorsal to the clavicles.



552 DR. 0. J'. SONNtAG on the COMPARATIVE ANATOMY

Macalister (7) described the styloid groii^p of muscles as

follows:—"The styloid group form a single sheet, the hind
fibres of which pass to the pharynx, the middle to the ceratohyal
under the stylohyoid ligament ; the antei-ior pass to the side of

the tongue."

The digastrics have the usual attachment, and they are united
by muscular fibres to other muscles around.

The stylo-hyoid ligament is loose (text-fig. 56, h). The genio-

hyoids are connected to the digastrics by muscular slips {h).

Text-fieure 57.

The deep aiiatomj' of the neck of Trichosurus vulpecula.

D. stevno-mastoid ; E. digastric; k. hyoid hone; m. common carotid artery;

n. external jugular vein; o., vena transversa; q. anterior jugular vein;

r. s. thyroid and Liryngeal arteries. Other letters in text.

The cervical lymphatic glands form two groups. The first,

consisting of a few large glands, is a little posterior to the

prominent alisphenoid bullae The small glands of the second
group are around the great veins at the root of the neck.

The distance from the symphysis menti to the level of the

angles of the mandible is 6 cm., from the angles of the mandible
to the hyoid bone 1"2 cm., and from the hyoid bone to the

sternum 6 cm.
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IVichosurus vulpecula (text-fig. 57).

The deep anatomy of the neck differs from that of Phasco-

larctos in the following respects ;— 1. The walls of the mouth
and pharynx aie move deeply placed under mviscles. 2. True
hyoglossus muscles are present (B), so the lingual ai-tery (c) and
hypoglossal nerve (d) are more deeply placed. 3. The thyroid

gland is applied to the posterior part of the larynx and is far

antei'ior ; it does not pass dorsal to the clavicles. 4. The
alisphenoid bullse are not so prominent. The exoccipital pro-

cesses are not visible. 5. The external jugular vein is formed on
the surface of the sternomastoid muscle.

The Respiratory Organs.

In Phascolarctos the epiglottis is broad and entire, with an
emai'ginate apex, and each lung contains two lobes ; Forbes (4)

described two left and three right lobes. JSTo azygos lobe is

present. In Trichosurus the epiglottis is notched ; the left lung
has two lobes and the right one has four, of which one is azygos.

The tracheal rings are wide, but deficient dorsally.

The nasal tube of Phascolarctos has no median dorsal ridge,

and does not grip the larynx, whose epiglottis is so large that it

could only be accommodated by considerable stretching of the

orifice of the tube.

In Trichosurus the nasal tube has a median dorsal ridge, and
it gripped the larynx firmly in my specimen.

Sir Evei'ard Home states that the Koala utters a shrill yell

when hungry or hunted, but Owen says that he never heard a

note of any kind from the Phalangers.

The Mouth.

Phascolarctos cinereus.

The Vestibule.—Fleshy lips are connected to the gums by lax

frenvims, of which the upper is "6 and the lower is 1*2 cm. long.

The cheeks are attached to the gums opposite the canine tooth

and posterior border of the premolar of the upper jaw on each

side ; between these lie the mouths of the cheek-pouches
(Plate v., A) already described by Owen (11), Young (13), and
Forbes (4).

Forbes states that " the mucosa of the cheeks is smooth
throughout " ; but in my specimen it is covered with rounded
papillae, which are all visible to the naked eye. They extend on
to the fauces, and for a short distance along the outer walls of

the cheek-pouches, but they are absent from the lips whose
mucosa is quite smooth. They are not regularly arranged like

the papillae of the cheeks of the Ungulata.
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The vestibule and caviim oris commvinicate through the

diastema anteriorly, and^ behind the last pairs of molar teeth

posteriorly ; the former of these is wide and the latter narrow.
The Palate (Plate V., A).—The upper incisor and canine teeth

surround a small area on which there are six small tubercles,

but these do not cover prominences on the premaxillge. Imme-
diately behind these lies the first of the nine palatal ridges, which
are most marked anteriorly. Forbes also described nine ridges,

and Young recorded eight. Ma,rtin described eight furrows. The
anterior ridges are transverse, and are complete or incomplete,

but some of the posterior ridges are curved and bear small

nodules on their anterior borders.

When the mucous membrane is removed the bony palate is

seen to have a sinuous outline when viewed laterallv (text-

fig. 59, E).
_

The soft palate is long, smooth, and devoid of a uvula.

The isthmus faiicium (text-fig. 59,/) is a, ciroulax oi'ifice which
admits the tip of the index finger, and the fauces form a septum
without the tonsils, which lie far back in the pharynx at a

distance of 6 cm. from the incisor teeth.

Trichosurus vulpecula (Plate V., B).

Cheek-pouches are absent, and the vestibule and mouth com-
municate as in the above. On the palatal ai'ea surrounded by
the incisor and canine teeth, which form a more perfect arcade

tha,n in Phascolarctos, there is a median I'idge and sevei'al small,

hard papillae.

The palatal ridges, of which there are six, are sharper than in

PJiascolarctos, and the a.nterior ones are convex forwaixls, with
the free edges dii-ected backwards. Between several of the

ridges the mucosa is covered with papilkie.

The tonsils have the usual situation in the fauces.

Pseudochirus peregrimts (Plate V., C).

There are eight palatal ridges, most prominent anteriorly, and
many papillfe crowd the mucosa between them. Cheek-pouches
are absent.

The Tongue (text-fig. 58).

Martin (8) states tliat the tongue of Phascolarctos rises abruptly

from a furrow surroiuiding its base, and the distance from

its root to the epiglottis is ^ of an inch. I found, however, that

it is much farther removed, the distance being slightly more than

1| inches, a,nd the mucosa of its dorsum is continuous with that

of the ventral wall of the pha,rynx (text-fig. 59, A, a).

Measurements :—Total length 5*5 cm. ; length of the oral
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part 5 cm. ; length of the phaiyngeal part '5 cm.
;

greatest

widtli 1*5 cm. The slightly spatnlate narrow tongue does not

narrow greatly fi'om base to apex.

The PcqAllce.—A single prominent vallate papilla (text-fig. 58,

A) lies in the mid line ; it is circular on plan and conical on

elevation, with the base of the cone projecting beyond the

well-marked fossa ; the vallum is rough, granular, and not easily

distinguished from the rough surface of the tongue. Martin,

Owen, and Forbes each describe a specimen with one papilla.

^\\Q fungiform 2}apillce -Ave i^n\aX\, and form a .dorsal bounding
zone on which they have the usual arrangement in clusters and
rows ; none are ovei'lapped by the conical painllce, which are

small, pointed, and irregular in distribution. On the ventral

papillary zone only conical papillae are found.

Although there are no lateral organs similar to those of the

Primates, the posterior extremities of the corrugated lateral

borders have cii-cular nodules with well-marked central orifices

(text-fig. 58, I) ; some of these are single and isolated, but
others are in small chains. Poulton (16) has described similar

bodies in Halmaturus ualabalus, Macropus melanops, and Petro-

gale xanthojjs, but points out tliat their airangement varies

;

they may be irregulai- or arranged in curves. He draws attention

to their appearances being similar to those of gland-ducts, and
suggests that the lateral organs arise from glands ;

" this view,"

he states, " is confirmed by a study of minute structure."

No Apical Gland of Nuhn is present, but the glandular mass,

as described and figured by Oppel (10), sends two long processes

forward almost as far as the apex of the tongue. He believes

that the Gland of Nuhn, which is present in the tongue of Man
and .the Orang-Outan, are pieces of tlie basal glandular mass
which have become separated. Perhaps they have become
separated off from a prolongation similar to those of the Koala
and other Marsupials.

The inferior surface is wrinkled and fissured. In the mid line

in front there is a well-marked rough area, bounded laterally by
fihsures. Posterior and latei'al to the central area, are crenated,

transversely-fuD'Owed jylicce fi'inhriaice (text-fig. 58, B), which
increase in width from before backwards.

Many Marsupialia have a sublingua which differs from that of

the Lemuroidea in being firmly fixed by its apex to the under
surface of the tongue. It varies in size in difierent species, but
that of the Koala is the smallest ; it has been reduced to the
condition of plicfe fimbi-iatse in the same way as the sublingua of

the Lemuroidea gives way to the plicae of the Simiid?e. A few
illustrations of the degrees of development in the Marsupialia

are shown in text-fig. 58, B-H. The sublingua also becomes
softer as well as reduced in size, as in the Primates. Thus there

is the complete horny sublingua as in Lemur, the softer and
smaller sublingua as in Tarsius, and the plicae fimbriates as in

Anthropopithecus,
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Text-figure 58.

Trichosurus Pseudochirus
i/u/pecu/a. pereprinus.

C. D.

Perameles.
gunna .

G

a a> d)^

The tongues of some Marsupials. .

and B. Fhascolarctos cinereus ; C-H. inferior surfaces of the tongues ; I-K.
lateral organs of Fhascolarctos, Trichosums, and Fseudochiriis respectively

;

L-N. vertical sections of the tongues of Fhascolarctos, Trichosurus, and
Fseudochirus showing degrees of freedom of the sublingua.
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TiHchosurus vidpecula.

Poulton (16) described the tongue under the old name of

Phcdangista vidjnna, so I shall only mention the differences

between it and that of Phascolarctos :— 1. The epiglottis overlaps

the base. 2. Three papilL-e form a vallate triangle. 3. The
lateral organs consist of fissures and laminae. 4. The sublingua
is a flat horny plate with a strong median ridge and a denticu-
lated apex bound down to the under surface of the tongue
(text-fig. 58, C). 5. The two forwardly-directed glandular
processes are stouter and relatively shorter.

Pseudcchirus peregrimcs.

The parallel- sided tongue has the following dimensions:—
Total length 4-2 cm. ; length of the oral part 37 cm. ; length
of the pharyngeal part -5 cm.; width between the lingual attach-

ments of the palato-glossal folds '4 cm.

The PapiUce.—Three circular vallate papdlce form an equilateral

triangle with the apex behind ; the basal papillfe are prominent,
but the apical one is strongly retracted.

The fungiform papilla}, which are small and few in number,
form a dorsal bounding zone, but they have no definite arrange-

ment in transverse rows and clusters; they are surrounded by
sharp conical paiMlce, which form transverse rows almost up to

the apex of the tongue. Only conical papillje are pi'esent on the

ventral bounding papillary zone.

No orifices of ducts and glands are seen on the base of the

tongue.

The Lateral Organs (text-fig. 58, K).—On each lateral border
of the tongue there is a row of circular elevations with central

slit-like orifices, so they are not quite similar in appearance
to those of Phascolarctos. The slits I'un upwards and backwards.
Each organ consists of six areas. Ou the surrounding mucosa
there are many nodules and papilhe.

The Sublingua (text-fig. 58, ]j).—The most pronounced feature

of the tongue is the large, soft sublingua. It is firnil}^ bound
to the under surface of the apex, as in all Marsupialia in which
it is complete, but its under surface is deeply fissured and
separated by a deep gap fi-om the tongue (text -fig. 58, D and N).
Running backwards in ihe mid line is a strongly-developed

median crest, which is bounded behind by a fissure.

There are great differences, therefore, between the lateral

organs, vential surfaces, and vertical sections of the tongues of

these three species, as seen in text- fig. 58, B-D and I-N, The
essential diflerences between the sublingupe of the Marsupialia

and Primates lie in the apices—in the former the apex is fixed

to, but in the latter it is free from, the under surface of the

-tongue,
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The Pharynx.

Phascolarctos cinereus.

The distance from the fauces to the beginning of the cesophagus

is 4*5 cm., and the greatest width of the pharynx, which narrows
from before backwards, is 2'2 cm. The mucosa is smooth, and
two ridges run along the sides of the mid-dorsal line (text-

fig. 59, e).

Text-fie'ure 59.

The pharj'iix of Pliascolarctos cinereus.

Explanation of letters in text.

The tonsils (text-fig. 59, c) are small oval bodies in the dorso-

lateral aspect of the pharynx, a little distance anterior to the

hyoid bone. They appear as pits on the interior of the pharynx,

and the right one is surrounded by a prominent ridge.

The naao-pharynx.—The nasal fossse are prolonged backwards

by a conical tube, which opens on the mid-dorsal wall of the

pharynx by a small circular orifice guarded by two fleshy cushions

(text-fig. 59, A.d and 0). It has no mesial dorsal ridge as in
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Trichosurus and Pseudochirns. The opening lies within the
hyoid ring about 5 mm, anterior to the beginning of the
oesophagus, so the naso-pharynx is exceedingly small. This is a
remnant of the condition present in the new-born animal.
Owen (11) describes how the larynx is gripped by the nasal tube
in the mammary foetus of the Kangaroo, and the milk stream is

divided by the larynx, which crosses the pharynx ; he gives

illustrations.

Sections through the head and neck at difierent levels show
how the shape of the nasal tube alters from before backwards
(text-fig. 59, F and G).

The Eustachian Tithee (text-fig. 59, h).—The lower orifices of

the tubes are slit-like, and lie on the infero-lateral aspects of the
nasal tube at a distance of 2*9 cm. posterior to the hard palate,

and at a point about 1 cm. posterior to the fauces. In Plate V.
pins are inserted into the inferior orifices of the Eustachian
tubes.

Trichosurus vulpecula.

The pharynx difiers from that of Fhascolarctos as follows :

—

1

.

The tonsils are in the fauces.

2. There is a ridge on the dorsal wall of the nasal tube, but
none in the pharynx.

3. The larynx crosses the pharynx and enters the nasal tube.

The nasal tube of Pseudochirus has a median doisal ridge

(Plate Y., 0).

The (Esophagus.

Phascolarctos cinereus.

The cervical jt^ari (4*3 cm. long) is entirely concealed by the

larynx and trachea, and its mucosa is smooth throughout. The
thoracic part (7'8 cm. long) has, small longitudinal folds on its

inner surface. The abdominal pa^-t (1*8 cm.) is lined by mucosa
thrown into prominent longitudinal folds. At the point where
it emerges from the posterior surface of the liver it is in contact

dorsally with the right supra,renal capsule.

Trichosurios vulpecula.

The cesophagus projects beyond the left border of the trachea

in the neck, and it has a longer course (= 3 cm.) in the abdomen
than has that of Phascolarctos. It is not in contact with the

right suprarenal capsule. In some examples its abdominal part

is much shorter, however.

The Peritoneum. .

Phascolarctos cineretis.

The great omenttom is devoid of fat, but contains a well-marked

arterial arcade formed by a branch of the splenic ai'tery and a

Proc. Zool. Soc—1921, No. XXXYIII. 38



560 DR. C. F. SONNIAG ON THE COMPARATIVE ANATOMY

twig fi-om the arterial ring round the pyloro-duodenal junction

(text-fig. 60, B, a'). There is nothing new to recoixl about its

attachments.

The lesser omentnm has a T-shaped attachment to liver and
stomach (text-fig. 60, A, a). The horizontal limb lies along the

lesser curvature, and the vertical limb runs back along the

ventral surface of the stomach.

The great omentum of IVichosurus vidpectda is well laden

with fat.

The Stomach.

PhasGolarctos cinereus.

The observations recorded here are supplementary to the
descriptions by Martin (8), Young (13), Forbes (4), Edelmann (2),

Flower (3), and Home (5).

The long axis of the sac-like stomach, which lies in the
epigastrium and left hypochondriam. runs posteriorly, ventrally,

and to the right, and the wellmai^ked fundus is directed forwards
and to the left. Projecting from the greater curvature imme-
diately below the pyloric cylinder is a sac whose walls are thinner

than those of any other part of the stomach.

Relations :

—

Anteriorly—liver and right suprarenal capsule.

Posteriorly—spleen, intestines, solar plexus, left kidney, and
suprarenal capsule.

Right—dviodenum, gall-bladder.

Left and i^entral—abdominal pai'ietes.

Dorsal—crura of the diaphragm, aorta, pancreas, right kidney,
inferior vena cava.

Measurements

:

—
Total length 7 cm.
Length of fundus 2-2

.,

Width between curvatures 3"7
,,

Lesser curvature 2*2
,,

Length of pjdoric tube 1-6
,,

Arteries (text-fig. 60).—The stomach receives its blood supply

from the three branches—gastric (a), hepatic (b), and splenic (c)

—of the coeliac division of the cceliaco-mesenteric artery (see

page 570), and each vessel is accompanied by fine nerves derived

from the vagus and solar plexus (text-fig. 60, A).

The gastric artery divides into a large ventral branch (d) and
two dorsal branches (e)—large and small. The former, after a
straight course towards the stomach, breaks up into many
tortuous vessels ramifying over the fundus, and some can bo

traced into the left side of the gland-patch. The latter make a

similar vascular arrangement on the dorsal aspect of the fundus,

and supply the patch as well.
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The hepatic artery gives off a large gastric branch (G. A.)
which divides into four—two dorsal (g. g) and two ventral

—

branches (A. h). Each pair supplies one surface of the stomach,

Text-figure 60.

Sacculu?.

G.A.

The ventral (A) and dorsal (B) surfaces of the stomach of

Fhascolarvtos cinereiis with arteries.

38*
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aticl forms half of a vascular ring 'encircling the pyloro- duodenal

junction. They supply the gastric wall and gland-patch. The
pyloro-duodenal ring communicates with the mesenteric arteries,

and a twig forms a long arcade (iii) in the great omentum with a

branch of the splenic artery; this arch gives off vasa brevia,

which enter the stomach- wall vertically (text-fig. 60, B).

There is no continuous vessel or arcade on the lesser curvature,

for the gland-patch interrupts it.

The veins enter the portal and splenic veins.

The gastric nerves (text fig. 63, Y.G.P.) form a complex plexus

on the left side of the gland-patch, and are intermingled with

branches of the gastric arteiy, and fine nerves reach the stomach
along branches of the hepatic artery. They will be described

later along with the solar plexus and vagus nerves. The nerves

reach the interior along the course of the arteries.

The interior of the stomach (Plate V^L, A) was briefly described
'

by Martin (8). Apart from the enumeration of the orifices of

the gland-patch by several autliors, no other description of the

interior has been published.

The long axis of the oval gland-patch, which lies along the

lesser curvature of the stomach, is 2 cm. long, and the width is

1*7 cm. Its inner surface has thirty orifices of different sizes,

arranged in rows at right angles to the long axis of the patch.

In addition to these the lens reveals how the surface of the patch

is finely-pitted.

The remainder of the inner surface is traversed by rugae

I'adiating from ilie edges of the gland-patch like the sjDokes of a

wheel. Those running towards the lower end of the oesophagus

are short and Y-shaped; those passing into tlie fundus and body
of the stomach are at first straight but undulating later ; none
are present in the sacculus on the greater curvature; and those

passing to the pylorus are few in number, but stronger than in

other parts.

The musculature of the pylorus thins out on the walls of the

sacculus, and that of the oesophagus thins out on the fundus and
Issser curvature.

The gastric contents consisted of a viscid creamy chyme, and
they resembled the contents of the stomachs of two Langnrs
which I examined. In the Sloth, on the other hand, as I showed
in a previous paper, the stomach contained many hard, almost
entire leaves.

Special gastric glandular apparatus is also present in the
Wombat, Beaver, Dormouse, Manatee, and Dugong. It was also

present in the now exteiminated Steller's Sea-Cow [Khytina
stelleri). Knox thought that the apparatus in the Sirenia was
an electric organ, and traced the two vagus nerves into it.

The pylorus projects into the duodenum (Plate VI., B), as in

Man. The human form has been likened to tlie projection

of the cervix uteri into the vagina. The free surface is rough
and villous.
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Trichosurus vid-pecula.

The stomach diftei's from that of Phascolarctos in the following

respects ;

—

1. It is more globular.

2. There is no sacculus on the greater curvature, but the

stomach projects to the right of the pylorus.

3. Tlie gland-patch is not present on the lesser curvature.

4. The pylorus is not such a well-defined cylinder, and does

not project into the duodenum as in Man and Phascolarctos.

5. The vs^alls of the stomach are relatively thinner.

6. The mucous membrane is rough, but has no rugae.

In a hitherto unpublished note Garrod states that the fundus
of Cuscus 'maculatus has a reticulum of rugje.

The Intestines.

Phascolarctos cinereus.

The external and internal characters have been fully described

by Forbes and Chalmers Mitchell (9), and I have nothing to add
to their accounts. My measurements difFei- greatly, however,
from those recorded by various authors. The figures in the

following table represent inches, an<l the asterisks denote that

fresh specimens were examined. Ldnnberg's specimen was a

mammary foetus*. If due allowance is made for shrinking

induced by pieserving fluids, it will be seen that the lengths of

the difi"erent pai'ts of the intestinal tube vary greatly in indi-

viduals, and have no relation to the length of the animal :

—

Len(jth of Small Larr/e
animal. intestines. intestines.

Ccecum.

*Knox(1826) 23 92 128 77

Martin (1836) $. not given not given 76 50

Owen (1837) 23 92 125 77

^Forbes (1881) ?

.

17 115 93-25 46-75

Forbes (1881) $. 20-5 111-5 160-8 66

Ldnnberg (1902). 3-5 14-55 11-45 3-4

*Sonntag(1921)... 21 54-5 75 36

Lonnberg (17) compared the measurements of the different

parts of the intestinal tract of Phascolarctos and several other

Marsupials, and he also compared those of the foetal and adult

intestines, taking Forbes's figures as the standard for the latter.

He came to the following conclusions :
—

". . . . the difference

is quite striking with regard to the caecum and the large intestine.

The former is proportionately only about a thii-d as long in the

foetus as in the full-grown animal, and the latter less than half

* The mammary foetus is the iiew-hovn animal fixed to the nipples in the pouch.
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as large in the foetus as in the adult. The clifFevence of the

small intestine in both stages is not so great, that of the foetus

being about four-fifths of the same in the adult. It is also to be
remarked that in the foetus the small intestine is considerably

longer than the colon, but in the adult the reverse is the case.

The differences can of course be ascribed to the diiference of the

diet of both stages. The milk food of the mammary foetus is

chiefly or completely digested in the small intestine, but the

vegetable diet of the adult needs a greatly developed csecum and
colon. The longitudinal folds of the csecum and colon are,

however, already developed in the foetus."

It is possible that the growth of the intestinal tract in my
specimen has been considerably retarded.

Ellenberger, Tullberg, and Lonnberg believe that the large

size of the cascum in many animals, such as the Horse, Koala,

and some Rodents, is brought about by the presence of a large

amount of cellulose in the diet ; and when the small intestine

deals with all the elements of the food, there is no specialisation

in the csecum and colon. Lonnberg also speculates about the

great length of the small intestine in phyllophagous Mammals.
He states that the leaves consist of cellulose and certain proto-

plasmic, amylaceous, and other substances contained within
resistant envelopes. Some time must elapse, therefore, before

these are broken down and their contents become available for

digestion and absorption ; the small intestine is, consequently,

long.

Lonnberg's views, however, will not account for the conditions

present in the intestinal tract of the phyllophagous Three-toed

Sloth {Bradypits tridactylits). In my paper dealing with its

anatomy (18), I showed that the intestinal tract is short, the

ciBcal pouch is rudimentary, and the interior of the colon and
rectum offers a large absorptive area, due to the excavation and
folding of the mucous membrane ; it possesses sphincters which
are similar in character -to, but larger than, those of the csecum of

TrichosiLvus vulpecula, and its muscular coat, Avhich thickens

from before backwards, may have a similar function to that of

the csecum of T. vulpecula.

Although the stomach of B. tridactylus contains many hard,

almost entire leaves, the intestinal tract contains none, so the

cellulose and hard materials have been completely comminuted
and reduced to the state of chyme; Rapp's analogies are interest-

ing in this connection, for he likens the paunch and pylorus to a

crop and gizzard. This thorough digestive process must throw
less work on the small intestines, which, in consequence, are short.

The chyme yields a number of substances for absorption in the

small intestines, and the remainder is absorbed from the large

intestines, whose pockets and sphincters retain it in the colon

and rectum, and the muscular coat moves it backwai'ds and
forwards ; and the sphincter ani has a retaining function similar

to that of the septa higher up in the colon.
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The differences between these two phyllophagous Mammals
must therefore be due to complexity of the stomach and the

different varieties of specialisation of the interior of the colon

and rectum, but the increased internal surface of the colon and
rectum of the Sloth is compensated for by the large size and
great length of those of the Koala. The Langurs are inter-

mediate in the complexity of their intestinal tract between the

Sloth and Koala.

In Phascolomys mitchelli the caecum is considerably reduced,

and Lonnberg believes that the colon has become considerably

enlarged to take on the cellulose-digesting function of the cfecum.

The stomach is simple as in the Koala, so it has not had any
modifying influence on the complexity of the intestinal tract

as in the Sloth. The Wombat has external sacculi, but the

Sloth has internal cavities, so there is a greater similarity

between their colons than exists between the colon of either of

these animals and that of the Koala.

I have already shown how the complexity of the stomach is

also influenced by the degree of development of the buccal organs

(19). One must take a wide view of the whole alimentary canal

from mouth to anus in framing an explanation of the physiology

of any one part.

The Ukinary Organs (text-fig. 61).

PhasGolarctos cinereus.

The right kidney is 3'2 cm. long, 1*8 cm. v/ide, and 1'6 cm.

thick ; it lies entirely anterior to the left Jcidney, whose corre-

sponding measurements are 3'7, 2"4, and I'O cm. ; its hilum is

ventral in position, whereas that of the left kidney is mesial.

The structures in the hilus have the usual disposition in regard

to one another.

On section each kidney is seen to possess a thin cortex, and a

single large papilla.

The surface of each renal pelvis and hilus is covered by a plexus

of small veins. These communicate posteriorly with the veins

ascending along the ureter, and they open anteriorly into the

renal vein.

The right ihreter lies parallel to, but 1 cm. to the right of, the

vena cava inferior. It passes ventral to the iliac vessels and
runs posteriorly along the dorsal pelvic wall. It opens into the

lower and back part of the bladder.

It is accompanied by small veins from the pelvis ; the latter

are joined by veins from the ovaries, after which a ladder-like

arrangement of veins runs up to the venous plexus on the ventral

surface of the renal pelvis (text-fig. 61 C, lov).

The left ureter runs along the left border of the abdominal

aorta, crosses the ilin.c vessels, and courses through the pelvis as

does the right one. The veins accompanying it are numerous
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and some of them ramify; so dense is the venous plexus that
the ureter is concealed by them. At first sight it looks like a
cord of veins.

• John Hunter (22) showed that the relative positions of the
kidneys of Petaurus taguanoides are similar to the above.

( Text-figure 61.

L / i^ e /-

tjff.S.P.C.

A. heart and aorta of Phascolarctos cinerezis with origins of right subclavian,

right common carotid, left common carotid, and left subclavian arteries, from
right to left, and described in text as a, b, c, d: B. heart and aorta of

Tricliosiirus vulpecula : C. kidneys and some of the abdominal veins :

i.s.E.c. and k.s.e.c, suprarenal capsules ; p.i., peritoneal ligament : D and
E. origins of vertebral arteries in Phascolarctos cinereus and Tricliosurus

vulpecula respectively : P and G. spleens of Tricliosurus vulpecula and
Phascolarctos cinereus respectively.
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The bladder is pyriform and firm, but no nraclms is seen.

Lateral peritoneal folds connect it to the pelvic wall, but no
other ligaments are present.

Trichosurus vidjyecida.

The anterior half of the right kidney is received into a deep

recess in the liver, and its postei'ior pole is level with the hilus

of the left kidney. The bladder is transversely corrugated on
the surface and no urachus is pi-esent. Only one Avide renal

papilla is present in each kidney.

Generative Organs.

I have nothing to add to existing accounts of the generative

oi'gans of either species.

The Pancreas.

The duct is dead-white in Phascolarctos and shines through
the translucent brown glandular tissue. The latter in my speci-

men has the same appearances as those described by Martin (8).

The Liver.

Phascolarctos cinereus.

Forbes (4) described and figured the liver, and Braus (1)

described its histology.

The hepatic artery is very convoluted, and divides into two
terminal convoluted branches which diverge at the sides of the

gall-bladder. From the left branch a straight, slender cystic

artery runs in the free edge of the vesical mesentery to the gall-

bladder, which it reaches about its middle ; then it runs poste-

riorly along the surface of the gall-bladder as far as the fundus.

The postcaval vein is never deeply embedded in the hepatic

substance, and receives three hepatic veins at its emergence from
the anterior surface of the liver. A fourth vein enters it within

the organ.

The common bile-duct does not exhibit cysts of its mucous
membrane similar to those of some Marsupials described by

Owen (11).

Trichosurus vulpecula.

The liver differs from that of Phascolarctos as follows:— 1. It

is not so compressed antero-posteriorly. 2. Its edges are not

notched by many small fissures. 3. The hepatic tissue is not so

subdivided. 4. The right lobe recesses the anterior half of the

right kidney. 5. The gall-bladder is shorter and broader, and

only projects for a short distance into the abdominal cavity
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beyond the posterior edge of the right lobe when fully distended

with bile.

The Ductless Glands.

Phascolarctos cinereus.

The Thyroid Gland (text-fig. 56, A, A).—The two lateral lobes

are vinconnected, and vary in shape and extent. The left lobe is

pja-iform, with the broad extremity posterior and slightly within

the thorax. It is 2 cm. long, "8 cm. wide, and '3 cm. thick. It

is sepai-ated from the larynx by the first three tracheal

rings. The right lobe is elongated and ovoid, and measures
2-7 X '5 X "S cm. Its anterior extremity overlaps the lower end
of the larynx, and its posterior pole stops anterior to the thorax.

The artericd sufply comes from the thyroid and laryngeal branches

of the common carotid artery (7?i), and the vehts run to the

internal jugular vein (li).

I did not observe any structures which could be definitel}'

described as 'parathyroid bodies, but they may have been lying

among the small glands which are numerous at the root of the

neck.

The Thymus Gland has been described by Symington (15).

The Sup7-arenal Cajysides (text-fig. 61, s.R.c).—The left capsule

is a round body, of the size of a large pea, lying on the mesial

aspect of the anterior pole of the left kidney, to which it is

attached by a fold of peritoneum. The right capsule is oval, and
has a peculiar position ; it lies in contact with the posterior

surface of the liver, and is situated between the inferior vena
cava to the right, the right crus of the diaphragm to the left,

and the oesophagus ventrally.

The greater part of each capsule is composed of brown
medulla.

The spleen has been described by Martin (8).

My specimen is triangular and measures 7 '4 cm. long, but

that of Trichosurus mdpecula has a lateral process (text-fig. 61,

F and G). In Phascolomys it is an equilateral triangle.

Trichosurus vulp)ecida.

The lateral thyroid lobes (text-fig. 57 A) measure 1"3 cm. long

and 'S cm. wide. They lie at the sides of the posterior extremity

of the larynx and antei'ior seven tracheal rings. The connecting

isthmus crosses rings 5, 6, and 7.

The thyroid artery describes a curve, with the convexity

forwards, and runs along the anterior five-sixths of the m.esial

border of its corresponding lateral lobe. The thyroid vein runs

to the internal jugular vein (jo). This arrangement of the thyroid

vessels is seen in animals belonging to several of the Mammalian
orders.
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The Organs of Circulation.

Phascolarctos cinereus.

The Heart (text-fig. 61, A).—The fibrous pericardium is firmly

bound to the dorsal surface of the sternum and left ribs by
connective tissue. It narrows out and is lost on the great vessels.

These conditions are also present in Trichosurus vulpecida.

The area of adhesion is greater than that of Dendrolagus ursimis.

The long axis of the heart is antero- posterior and parallel to

the left side of the sternum, and the apex is level with the

posterior border of the fourth left costal cartilage. Its apex is

more obtuse than that of Trichosurus vul^jecula *

.

Measurements :

—

Phascolarctos. Trichosurtos.

Length 4-6 cm. 3 cm.

Greatest width 2-4 „ 2'2 „
Greatest thickness ... 1'9 ,,

1"5 )?

The characters agree with those already described for the

Marsupial heart.

The Ascending Aorta (text-fig. 61 A) is embraced by the two
parts of the right auricular appendix, and is parallel to the

right precaval vein. It quickly gives way to the aortic arch., whose

most anterior point is level w^ith the anterior end of the first

intercostal space. At the level of the fourth dorsal vertebra it

gives way to the descending aorta ; this is the commonest level

for the transition in the Mammalia. The relations of the arch

are :

—

Ventral.— Left lung, left precaval vein, left azygos vein, left

vagus nei've, left phrenic nerve.

Dorsal.—Trachea, oesophagus.

Posterior.—Root of left lung.

Anterior.— Great vessels of head, neck, and fore limbs.

Branches:—The right subclavian («), right common carotid (5),

and left common carotid (c) arise directly, and close to one

another, from the aortic arch, so there is no innominate artery.

Alter a short interval the left subclavian artei'y is given o^ {d),

Martin (8) and Owen (11) describe an arrangement similar to

that of Man, but Forbes (4) states that the innominate artery

gives off three vessels close together from a common trunk. In

Trichosurus vidpecula the aortic arch gives ofi" the innominate

and left subclavian arteries, and the former, after giving off the

left common carotid, divides into right common carotid and right

subclavian arteries ; the left common carotid arises almost at the

beginning of the innominate artery.

The Common Carotid Arteries give oft" fine entocarotids at the

level of the anterior border of the hyoid bone, and are continued

* Some specimens of Tricliosiirus vuljpecula have a more obtuse cardiac apex than

the above.
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as stout ectocarotids. The former give off no branches in the
neck, and enter the carotid foramen in the basisphenoid. The
latter pass antero-laterally between the exoccipital process and
the mandible, and the former separates it from the external
jugular vein. In Trichosurus vulpecula the exoccipital process
does not separate these vessels.

The Descending Thoracic Aorta lies first on the right half of

the body of the fifth dorsal vertebra, but passes more to the
right as it runs backwards through the thorax. It is connected
to the oesophagus by a triangular fold of pleura, whose base is

attached to the diaphragmatic pleura. It has the usual relations

and gives off the usual branches.

The vertebral arteries come off from the subclavians, but in my
specimen of Trichosurus they arise from axes (text-fig. 61, E).

The Abdominal Aorta differs from the common Marsupial
condition in that it is entirely to the left of the postcaval vein.

Hochstetter (20) examined several species, and found that the
postcaval vein concealed the lower end of the aorta in all but
Petaurus taguanoides, but he did not include Phascolarctos

cinereus in his list. Beddard (21) also found the postcaval vein
covering the aorta in all his species. My observations on Tricho-

surus vtdpecula and Dendrolagii,s ursinus confirm those of Hoch-
stetter and Beddard.

Relations.—At the point where the abdominal aorta I'eaches

the level of the posterior surface of the liver, it is separated fi'om

the right suprarenal capsule by the right crus of the diaphragm.
These structures separate it from the postcaval vein.

A little posterior to the capsule the solar plexus lies between
the aorta on the left, the postcaval vein on the right, and the

cceliaco-inesenteric artery ventrally.

Posterior to the solar plexus the postcaval vein lies immediately

to the right side of the <aorta till the latter divides into the

internal iliac and mid-sacral arteries, and then the vein crosses

the surface of the aorta. The whole trunk of the aorta is

visible.

The relations to other structures show nothing unusual.

Branches.—With the exception of the four pairs of lumbar
arteries which arise at regular intervals from the sides, the

following is the order of the branches from before backwards :

—

Phrenics, cceliaco-mesenteric, suprarenals, renals, ovaiians,

external iliacs, internal iliacs, and middle sacral (cavidal).

After giving off the external iliac arteries, the trunk of the

aorta diminishes in calibre to a little more than half of that of

either of the external iliac arteries.

The Cceliaco-mesenteric Artery divides into cceliac axis and

anterior mesenteric artery, and a branch of the latter replaces

the posterior mesentei'ic branch of the abdominal aorta of the

higher Mammalia,.

The cceliac axis divides into gastric, hepatic, and splenic

arteries, whose distribution has already been described.
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The anterior mesenteric artery describes a carve, convex
forwards and to the right, and terminates in the cfecum ; it

occupies the free edge of the c?ecal mesentery in the latter part
of its course.

The branches supplying the lai'ge intestines arise from the
convexity of the curve, and those destined for the small intestines

are given off from the concavity. The highest branch anasto-
moses with the duodenal branches of the hepatic artery, and the
lowest one anastomoses in the pelvis with the hfemorrhoidal
vessels. The lowest branch to the ileum anastomoses with the
branches to the cjecum.

The mesenteric areas between the branches of the mesenteric
artery contain rich networks of fine lymphatic vessels, and fine

branches of the solar plexus accompany the arteries. The
mesenteric veins have been figured already by Chalmers
Mitchell (9).

In IVichosurus vuVpecula the cceliac axis arises separately.

The Veins.

The Anterior and Posterior Facial Veins have the usual forma-
tion, course, and tributaries. They unite to form the external

jugular vein on the surface of the exoccipital process. The latter

runs postero-mesially across the steiniomastoid to reach its lateral

border in the posterior sixth of the neck. It passes dorsal to

the posterior end of the sterno-mastoid and clavicle, and, anterior

to the neck of the first rib, it unites with the axillary vein to

form the precaval vein. Both veins are united by a long
V-shaped vena transversa. In Trichosurus vulpecula the vein is

more transverse (text-fig. 55 J.

Tributaries.—Auriculo-tempoi-al, acronjial, ti-ansverse scapular,

muscular, ascending cervical and intei'ual jugular veins. These
vessels have the; usual distribution. No anterior jugular vein

is present.

The v>ena transversa receives veins from the tongue, sub-
maxillary glands, and muscles of the raylo-hyoid region.

At the point where the internal and external jugular veins

unite there are several small glands.

The innomi^iate and precaval veins follow the usual course of

the Marsupial type, and the azygos veirts in my specimen are

similar to those described by Forbes (4). The intrathoracic part

of t\\e postcaval vein measures 1*5 em.

The postcaval vein is formed in the usual manner, but the

only pai-t lying ventrally superficial to the abdominal aorta

crosses the termination of the latter. This arrangement is an
exception to Beddard's statement that " the Marsupials show a
very constant condition in that the postcava lies medianly
ventral to the aorta, so that on dissection the aoita is not seen,

being completely covered by the postcava " (21).

It lies to the right side of the aorta, and close to it till it
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reaches the right renal vein. After that it bends to the right

and enters the liver. At the point where it disappears from
view it is in contact with the right suprarenal capsule, and is

accompanied by twigs from the right half of the solar plexus.

The left ovarian vein (text-fig. 61 0, ov.) joins the thick venous
plexus running along the ureter ; therein it is united to veins

ascending from the pelvis. The right ovarian vein communicates
with the right ureteric veins by a stout trunk, and then runs
forwards to join the postcaval vein. The ureteric veins (tiv. and
wy.)form a plexus on the ventral surfaces of the renal pelves and
open into the renal veins (rv.).

The Nervous System,

The hxiin has been described by Owen (11), Forbes (4), Elliot

Smith (12), and Ziehen (14), and I have nothing to add to their

accounts.

The Vagus Nerves (text-figs. 62 and 63).

Phascolarctos cinereus.

A short distance posterior to the base of the skull the vagus

nerve on each side receives the hypoglossal (XII.) nerve, and their

fibres intermingle in a very thorough manner. Soon they

separate again, and tlie vagus runs postero-mesially as far as the

anterior extremity of tlie thyroid cartilage, where it vinites with

the cervical sympathetic cord(C.S.)to form a vago-sympathetic

(Y-S.). A short distance anterior to the clavicle it separates again

into vagus (V.) and sympathetic (S.).

This arrangement is present in most of the Carnivora. It

diff"ers from that of Dendrolagus, in which the vagi and sym]^-

thetics remain separate.

There is no ti-ace of the ganglion of the trunk of the left

vagus (ganglion nodosum) in the neck. The right nerve has

one (G.N.).

Branches in the neck.—Pharyngeal {a), anterior laryngeal (6),

commianicating to the first cervical nerve (c), and recurrent

branch of the right vagus {d).

The relations of the vagi in the thorax differ. The left nerve

crosses superficial to the left subclavian arter}^ and aortic arch,

lying on the inner side of the left precaval vein and left phrenic

nerve, and on the outer side of the trachea, cesophagus, and left

common carotid arteiy. It passes dorsal to the root of the left

luno- and gains the dorsal aspect of the oesophagus. The right

nerve crosses the right subclavian artery under cover of the

right precaval vein, runs down the side of the right main
bronchus, and gains the dorsal aspect of the root of the right

lung; lastly it passes to the dorsal aspect of the oesophagus,

where it fuses with the left nerve to form the combined trunk of

the vagi (C.T.V.).
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Branches of the separate nerves in the thorax,—Left recurrent

laryngeal nerve (e), cardiac (/), pnlmonary ((/), and a branch
from each nerve which unites with its neighbovir to form a iine

cord, which runs posteriorly along the ventral surface of the

cesophagus (Ji).

The combined trunk of the vagi enters the abdomen dorsal to

the oesophagus, runs dorsal to the stomach, and ends in the left

Text-figure 62.

The vagus nerves of Fliascolarctos cinereus in neck and thorax.

half of the solar plexus. It gives ofi' ventral gastric nerves in

the thorax {i), and stout ventral {j), and strong dorsal (k), gastric

nerves in the abdomen.

It is possible that sympathetic filaments run anteriorly from

the solar plexus to the stomach in the combined trunk of the

vagus, for it has been shown that sympathetic filaments run in

other nei-ves ie. (/.^the sciatic).
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The two halves of the solar plexus (text-fig. 63) lie between

the abdominal aorta and postcaval vein under cover of the

origin of the C(ieliaco-mesenteric artery. The right half (A)

is a fusiform ganglion, but the left half (B) consists of a nerve

Text-fiffure 63.

The vagus nerves and abdominal sympathetic of Phaseolarctos cinereus.

plexus with a small rouiad ganglion. The combined trunk of

the vagi (0) enters the left half of the plexus by a brushwork

of nerves. The right and left sympathetic nerves (D and E) end

in the right half of the plexus, but the left sympathetic gives off
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a fine nerve (F), whicli enters into the foriTiation of the aortic

plexus fai-ther back (G). Fine fibres (H) connect the halves of

the plexus.

Branches of distrihiUion :

—

1. Three nerves which coui'se along the postcaval vein and

embrace the right suprarenal capsule (1).

2. Hepatic plexus (J).

3. Splenic plexus (K).

4. Right renal plexus (L).

5. Two cords (M and N) which emerge from the posterior end

of the right half of the plexus and form a loop lying dorsal to the

postcaval vein. The left one breajis up into a number of fibres

which reunite later with the right one, and it gives ofi" the left

renal plexus (0).

The loop unites with the left sympathetic by a T-shaped

junction (P), and fine filaments (Q, Q, Q, Q) also ran between

them.
Only one cervical sympathetic ganglion—namely the superior

one—exists.

Summary.

The difierences between Phascolarctos and Tridiosurus may be

summarised as follows :

—

Fhascolarctos.

Plati'sma myoides strong.

No true hyoglossus muscle.

Vena transversa A-sliaped.

Absent.

Lateral organs of tongue look like

glands.

One vallate papilla.

Plicfe fimbriatae present.

Cheek-pouches present.

All anterior palatal ridges trans-

verse.

Tongue far from epiglottis.

Epiglottis broad and entire.

Gland-patcli in stomach.

Pjdorus projects into the duodenum.

Tonsils far back in the pliarj-nx.

Pharynx has two dorsal ridges.

Absent.

Cardiac apex obtuse.

Absent in my specimen.

Postcava crosses end of abdominal
aorta.

Liver more subdivided.

Gall-bladder long and narrow.

Right kidney posterior to liver, and

each kidney has one conical papilla.

Thyroid gland in posterior part of

neck.

Proc, Zool. Soc—1921, No.

Tridiosurus.

1. Platysma weaker.

2. Hyoglossus present.

3. Horizontal.

4. Anterior jugular vein present.

5. Composed of fissures and laminte.

6. A vallate triangle.

7. Sublingua well developed.

8. Absent.

9. Anterior palatal ridges convex for-

wards.

10. Close to epiglottis.

11. Narrow and notched.

13. Absent.

13. Pylorus does not project.

14. Tonsils in fauces.

15. Absent.

16. Dorsal ridge in nasal tube.

17. More acute.

18. Innominate artery present.

19. Postcava conceals posterior half of

aorta.

21. Short and wide.

22. Sunk in liver, and each kidney has

one broad, flat papilla.

23. In anterior part.

XXXIX. 39
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Tliascolarctos.

24. No thyroid isthmus.

25. Patelhi absent.

26. Absent.

27. Two lobes in each lune.

TricJiosurus.

24. Isthmus present.

25. Patella thin and scale-like.

26. Right lung has an az3'gos lobe.

27. Left lung has two, and right has

four lobes.

28. Spleen has a lateral jjiece.28. Spleen triangular, and has no lateral

process.
i

29. Vertebral arteries arise from sub- 1
29. Vertebral arteries arise from an

clavian arteries. i
axis on each side.

30. Intestinal measurements much
greater.

[

Owen stated that the Koala is the Marsupial which has the

greatest claim to typical pre-eminence. MacAlister, on the other

hand, showed that it has more individual peculiarities in its

myology than has any other Didelphian ; and the remarks made
in this paper show how many of the appearances of its internal

organs are peculiar to itself, for several of those described for

Trichosiirus vulpecula ai-e similar to the conditions present in

many Marsupialia. There are also many striking differences

between the external and skeletal characters of Fhascolarctos and
those of Trichosurus, but I have nothing new to add to existing

descriptions.
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EXPLANATION OF THE PLATES.

Plate V.

A. The Palate of PhasooJarcios cinerens with the chept-pouches packed with wool

and pins in the Eustachian Tubes.

B. The Palate of Trichosurus vulpecula.

C. The Valate of FseudocJiirus peregrinus.

Plate VI.

The Stomach of Fhascolarctos cinerens.

A. The interior of the stomach.

B. The projection of the pylorus into the duodenum.
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31. New Indiiui Drilid Beetles. By S. Maulik, F.Z.S.,

Professor of Zoology in the University of Calcutta.

[Received May 11, 1921 : Read June 1, 1921.1

(Text-figures 1-5.)

In the present paper four beetles from India of the Family
Drilid?e are described. They are all characterized by the pos-

session of extraordinarily developed lamellate terminal joints of

both the maxillary and labial palpi. These joints, of both pairs

of palpi, are similar in structure, and are of almost equal size.

They naturally fall into two genera, and can be distinguished

thus :

—

Head almost as loug as the pronotam, so that the eyes

are distant from the front edge of the pronotum.
Antennae distant Ziamellipalptcs. gen. u.

Head short, the eyes ahnost touching the front edge of

the pronotum. Antennae more or less approxi-

mate Lamellipalpodes, geu. u.

Lamellipalpus, gen. n.

The type of this genus is Eugeusis nigripennis Pascoe, from
Burma. At the end of his description of this insect (Ann. Mag.
Nat. Hist. XX. 1887, p. 10, t. i. f. 7) the author remarks: " The
description is from a female ; the male has probably flabellate

antenna, as in E. paljpator Westwood " (the type of the genus
Eugeusis). I liave examined Pascoe's type ; it is not a female,

therefore his conclusion that the male has flabellate antennae is

not correct. Under this assumption he included his nigripennis in

Westwood's genus Eugeusis, of which I have seen a specimen in

the collection of the British Museum, and with which it is not
congeneric. It is necessary, therefore, to erect a new genus for

the reception of this species as well as two others in the collection

of the British Museum.
Genej'ic characters.—The antennae are 11-jointed, filiform;

sometimes each joint is slightly expanded on the inner side. They
are separated from each other by the whole breadth of the head,

and are situated in front of the eyes. The eyes are convex and
prominent. The mandibles are large, curved, and pointed ; in

repose they lie crossed. The maxillary and labial palpi are 4-

and 3-jointed respectively, the terminal joint in each being very
large, elongate, and compressed. The front coxae are large and
exserted, having a large trochanter ; the intermediate and hind

coxae are contiguous, but not so large as the front ones. The
tarsi are 5-jointed, the fourth being bilobed. The elytra are not

of a membranous texture and the suture is closely fitting.
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Lamellipalpus NiGRiPENNis Pascoe.

The following description and illustrations are from a fresh

specimen taken by Mrs. Kemp in Assam :

—

Colour testaceous bi'own ; iinderside paler ; elytra blackish,

except an ill-defined basal area, the suture and the lateral

margins; the antennae except the two basal joints blackish ; eyes

deep black. The upper side of the head and prothorax is shining,

the rest of the body being subnitid. The whole body of the

insect is covered with fine brown pubescence.

Text-figure 1.

Ziamellijpaljous nigripennis Pascoe.

Head almost as broad as long, slightly narrowed towards the
neck, shallowly depressed in front ; upper surface smooth, shining,

sparsely covered with fine brown hairs. Viewed from above, the
extraordinarily developed terminal joints of the palpi and the
large mandibles are conspicuous. The joints of the antennae are

not at all expanded on the inner side. Pronotum broa,der than
long, front margin straight, lateral and posterior margins slightly

sinuate, anterior lateral angles rounded, posterior ones very
acute. The upper surface is gently convex, shining, covered with
fine brown pubescence, more so on the sides than on the middle
area, deeply depressed at the base on either side of the longi-
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tuclinal middle line. Elytra as broad at the base as the pro-

thorax; the humeral angles are rounded. Corresponding to the

basal depressions of the pronotum, the opposite elytral areas at

the base are also depressed. The surface is punctate, covered

with brown pubescence. Each elytron has four feeble costte,

the two inner ones

—

i. e., those nearer the suture—being more
prominent than the outer ones ; the two inner ones commence
at the base and terminate before reaching the apex ; the third,

commencing posterior to the humerus, terminates about the

middle ; the fourth, commencing below the humerus, terminates

Text-figure 2.

Underside of Lamellipalfus nigripennis Pascoe.

just beyond the middle. Of the four costse the third is the

feeblest ; to a certain extent they converge towards the apex.

Scutellum triangular, light brown, pubescent, impunctate, sub-

nitid. Underside brown, but lighter than the colour of the

upperside ; the abdominal segments have a slight suffusion of

black. The surface is sparsely covered with fine brown hairs,

their roots give the surface an appearance of being finely punc-

tate. The abdominal segments are at a lower level than the

metathoracic segment ; each is convex in the middle and de-

pressed at the sides, these lateral depressions forming an oblique

line on either side. The underside of the femora and tibiae is

not sulcate.

Length 10 mm., bi-eadth 4| mm. Length of head 2 mm.,
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breadth of head across the eyes 3 mm., without the eyes 21 mm.
Length of pronotum 2g mm,

Assam, Garo Hills; Tura, 1400 ft.; Oct. 1917 (Mrs. Kemp)
(Indian Museum).
The type specimen (Brit. Mus.) is from Burma. The brown

parts in the type are lighter than Mrs. Kemp's specimen ; also

in the type the lighter colour of the suture and the lateial

margins of the elytra is not so well marked.

Lamellipalpus bombayensis, sp. n.

Upperside shining, dai'k brown, in one specimen of the two
lighter brown ; the antennal joints from the third joint to apex

Text-figure 3.

Lamellvpalpus lomhayensis Maulik,

brownish-black, and the apical area of the elytra obliquely con-

tinuing to the middle along the side smoky black ; eyes deep
black. Underside shining light to dark brown. The whole insect,

both on the upper and lower sides, is covered with light brown
pubescence.

Head almost as long as broad, depressed in the middle in front

but convex round the roots of the antennae ; surface punctate,

each puncture having a stiff hair. The eyes strongly convex.
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The first joint of the antennae club-shaped, the second very short,

the third to the tenth ahiiost equal in size and slightly expanded
triangularly towards the inner side, the last joint bluntly

rounded. In the expanded character of the several joints of the

antennae it bears a certain amount of resemblance to Etigeusis

palpator Westwood, in which these points are extraordinarily

expanded into rami. Frothorax about as broad as long, slightly

narrowed towards the front ; the posterior lateral angles pro-

duced to acute points ; surface convex, with a faint longitudinal

impression along the centre and deeply sloped on each side ; this,

with a similar slope on the elytra in front of the humerus, forms

a deep depression ; closely punctate. Scutellum triangular, punc-

tate. Elytra as broad at the base as the prothorax. The lateral

margins and suture costate. On each elytron there are three

more or less prominent cost?e ; one runs close to the suture, the

second along the longitudinal middle line, and the one nearer

the margin starts from a point below the humerus, a feeble

one, corresjoonding to the third in Lamellipcdpus nigripennis

Pascoe, is observable in certain lights. These costse approach

one another towards the apical area, where they disappear. The
surface is irregularly punctate. Underside shining, smoother
than the upperside.

Length 9-10 mm.
Bombay.
Described from two examples, the larger of which I have made

the type specimen. It has the apical black patch on the elytra

diffused, while in the other it is more sharply defined. In the

type specimen the lamellate joints of the palpi are broader, with

apex slightly narrowed, while in the smaller specimen they are

uniformly nai-rower.

Type in the British Museum.

Lamellipalpus manipurensis, sp. n.

Upperside subnitid, thorax and head more shining than the

elytra ; elytra and eyes black, the four lamellate terminal joints

of the maxillary and labial palpi, and the antennal joints except a

part of the two basal joints, smoky black ; the rest of the body,

including the underside, brown. The lamellate joints of the
palpi are narrower and more elongate in this species than in the

two others of this genus.

Head almost as broad as long ; interantennal space shallowly

depressed, covered with light brown pubescence. The first joint of

the antennse is almost as long as the third joint but very slightly

thicker, second joint small and rounded, third joint slightly club-

shaped, fourth to tenth almost equal to each other in length and
thickxiess, the eleventh slightly loi:ger than each of the preceding

ones and rounded at the extremity ; the joints of the antennae

are not at all expanded. Prothorax slightly broader than long,

sides and front margin straight, basal margin sinuate ; the
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posterior exterior angles acute!}' produced, the extreme edges of

the produced part sharply depressed. The pronotum is covered

with light brown erect pubescence. Scutellum brown, triangular,

covered with light brown pubescence. Elytra almost as broad at

the base as the prothorax. The surface is confusedly punctate

and covered with light brown pubescence. The three costse on
each elytron are very feeble though distinctly i-ecognizable.

Underside : the elytra project to a certain extent beyond the

abdomen, shining, covered with stiff brown hairs.

Length 7 '5 mm.
Manipur (Dohertij).

Described from one example.

Type in the British Museum.

Lamellipalpodes, gen. n.

The genus differs from LameUijoalpus in the length of the

head and in the approximation of the antennae, as has been
indicated in the key given above. The type of the genus is the

following species.

Although I include the two new genei'a described here in the

family Drilidse, I am not sure about the position of Lamelli-

folpodes, g6n. n. When I examined Lamellipalpus nigripennis

Pascoe (Garo Hills, Mrs. Kemp) and Lamellipalpodes annandalei

Maulik at Calcutta, I was impressed by the fact that they both

possessed the remarkable lamellate palpal joints but did not

appear to belong to the same family. Dr. C. J. Gahan thinks

that Lamellipalpodes Maulik does not belong to the Drilidte,

but is more allied to the E-hagophthalmidse, a neighbouring
family of about three genera, including nine species. Without
further research it is 'not possible to decide this point.

Lamellipalpodes annandalei, sp. n.

Upperside yellow-brown, underside lighter; antennae except

the two basal joints, and the elytra except an ill-defined basal,

portion (which shares the colour of the pronotum) smoky black.

Eyes deep black. The whole body is covered with brownish
pubescence.

Head narrower than prothorax, the interocular space piceous.

The first joint of antennae stout and large, second joint very

small and rounded, the third to the tenth similar in structure but

of gradually diminishing length, the eleventh bluntly rounded.

Prothorax broader than long, with a longitudinal median sulca-

tion ;
posterior angles acute, pointed, anterior ones rounded

;

basal area depressed on either side of the middle longitudinal

line, basal margin bisinuate. Scutellum triangular, with the apex

rounded, brown, smooth. Elytra as broad at the base as the

prothorax. Corresponding to the prothoracic depressions, the

elyti-a are also depressed at the base. The surface neither
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smooth nor regularly punctate-striate. Each elytron is feebly

tricostate ; the costae are more visible if the insect is held at

certain angles; the first—that which is nearest to the suture

—

proceeds from the apex of the basal declivity of the elytra, the

Text-fisfure 4.

Tiamellijpal'podes annandelei Maulik.

Text-figure 5.

Underside of Lamellipalpodes annandelei Maulik.

second commences from the edge of the elytral black area, the

next commences about the middle of the elytron, each of these

terminating on the apical area of the elyti-on.

Length 5| mm.
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Described from five examples.

Type in the British Museum.
- Cotype in the Indian Museum.
Of the five examples four belong to the British Museum, and

these have only "Bengal" on the locality labels ; the specimen

belonging to the Indian Museum was taken by Dr. N. Annandaie
from the following locality :

—

Barkuda Island, Ohilka Lake, Ganjam district, Madras Pre-

sidency, 22.vii. 1920 ; found on bath-room window.

In this specimen the costee of the elytra are more pronounced.

In preparing this paper I have had the advantage of seeing

specimens in the British Museum collection. I wish to thank

Dr. C. J. Gahan and Mr. K. G. Blair for their courtesy, valuable

suggestions, and criticisms. I wish to thank also Dr. I^. Annan-
dale and Dr. and Mi^s. Kemp for kindly letting me examine

their respective insects. The drawings of two insects were made
by Mr. S. C. Bagchi, of the Indian Museum, Calcutta, and of one

by Mr. A. J. E. Terzi ; to these artists my thanks are also due.

The preliminary study of these interesting beetles was made
in the Indian Museum, Calcutta, while I held chai-ge of its

Entomological Section.
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32. On some A.bnormalities in the Carnivora. By (Jharles

F. SoNNTAG, M.D., F.Z.S., Anatomist to the Society.

[Received May 10, 1921 : Read May 10, 1921.]

(Text-figures 64-65.)

The following abnormalities were seen in animals dissected in

the Society's Prosectorium during the past two years. They
consist of :—

•

1. Elongation and contortion of vessels and nerves in the neck
of a Bengal Fox (Canis bengalensis).

2. The occurrence of two sepai-ate precaval veins in a Panda
(^1ilurusfulgens).

3. Abnormal modes of termination of the vertebral veins of a
Common Badger [Meles meles).

These conditions were compared with the normal state of the
vessels, which is identical in all three animals.

The Normal Blood-vessels.

The aortic arch gives off the innominate and left subclavian
arteries, and the former divides into the right subclavian and
right common carotid arteries after giving off the left common
carotid. The common carotid arteries run antero-laterally, and
then straight forwards. The internal jugular veins are on their
lateral aspects, and the vago-sympathetic nerve-cords lie on their

dorsal surfaces.

The external jugular veins unite with the subclavian veins to

form the innominate veins, of which the left one runs obliquely
across the anterior part of the thorax and joins the more vertical

right vein to form the precaval vein. The vertebral veins open
by single trunks into the innominate veins.

The vena azygos major opens into the right side of the precaval
vein immediately anterior to the root of the right lung.

Abnormalities in a Bengal Fox (text-fig. 64).

The animal, which was young, poorly-nourished, and rachitic,

had a symmetrical and uniform enlargement of both lateral

thyroid lobes (text-fig. 64, A.A), and the thymus gland was well-
developed. The former were about twice the size of the lobes in

a normal adult male. The isthmus of the thyroid gland was
normal.

The innominate artery (B) divided in the normal manner, but
the right subclavian artery was concealed by the right innominate
vein (0).

The left common carotid artery (D) has a more horizontal
course than the right one (E), and describes a very acute flexure
with the convexity to the left. The right common carotid artery
is not only flexed, but recurved, with the result that there is

an S-shaped flexure. Tlie left vago-sympathetic cord runs a
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straight course on the dorsal surface of the left artery, but the

right cord (F) follows the right carotid in its wanderings, and
appears on the surface ,for a short distance.

No growths or adhesions are present in the root of the neck

which could be responsible for distortion of the vessels and

Text-figure 64.

\\\y
J. J. J.

•'•

The vessels of the neck and thorax of Cams hengalensis.

For explanation of letters see Text-figure 65.

nerves. All other vessels and nerves are normal as regards their

course.

The precaval vein (L) receives internal mammary (IS"), peri-

cardiac (J), and azygos veins (M), and a vein from the diaphragm
running along the surface of the left phrenic nerve (I). No
phrenic vein accompanied the right phrenic nerve.
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The Occurrence of Two Precavcd Veins in ci Panda (text-

fig. 65 A).

The innominate veins were formed as usual, but soon gave way
to two precaval veins (L.L). The latter at first ran posteriorly

and slightly mesially to points level with the anterior limit of the
heart, when they turned directly inwards and ran horizontally

;

in this part of their course each vein receives an azygos vein (M).
Tlie orifices of the two precaval veins and tlie wide postcaval
vein (T) form the angles of a triangle with the apex posterior.

This arrangement of the precaval and postcaval veins is the
rule in Marsupials, but it occasionally occurs in higher Mammals.
The chief difference between the condition described above and

Text-fisure 65.

The veins of Ailurusfulffens (A) and Meles meles (B).

Ex^planation of Letters.

G. subclavian veins; H. intercostal vein; Ic. 1 and Ic. 2. intercostal veins;

0. esophagus : P. trachea
; Q. right recurrent laryngeal nerve ; R. internal

jugular vein: S. inferior thyroid vein; U. internal jugular vein ; V. vertebral

vein; W. externa] jugular vein. Other letters in text.

that of the Marsupials lies in the nature of the terminal orifices.

In the latter the openings are closer together, and the postcaval

and right precaval veins are only separated by a crescentic fold.

In the former they are wider apart, and the crescentic fold is not
present.

In the process of development the anterior cardinal veins fi-om

the head and the posterior cardinal veins from the body unite to

form the Ducts of Ouvier, which open into the sinus venosus.

The anterior cardinal veins become united by a transverse vessel,

which takes a gradually increasing share in returning the blood

from the left side of the head. Eventually the part of the left

anterior cardinal vein between this vein and the sinus venosus
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atrophies, and the blood is conveyed entirely to the vein of the

right side. The part of the right anterior cardinal vein between

the cross vein and the sinus venosus becomes the precaval vein of

the normal animal.

I believe that the persistence of two precaval veins in this

animal is due to the non-formation of the cross vein.

No abnormality was found in the postcaval vein.

The veins of the father of this animal were quite normal.

Abnormalities in the Vertebral Veins of a Badger (text-

fig. 65 B).

The left vertebral vein bifurcates in the lateral triangle of the

neck ; one of the divisions opens into the left external jugular

vein, and the other one opens into the left innominate vein.

The right vertebral vein runs posteriorly dorsal to the right

subclavian vessels, collects the veins from the first and second

right intercostal spaces, and opens into the precaval vein.
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Introduction.

The body of the female Phascolarctos described in the following^

paper was veiy kindly sent to me by Mr. A. F. Richardson when
I explained to him the zoological importance of the animal and
the infreqnency with which fresh examples come into the hands
of anatomists in this country.

The need for renewed examination of Phascolarctos is especially

shown by the disagreement amongst modern zoologists regarding
the position and status to be assigned to it in the classification of

Diprotodont Marsupials. Thomas, for instance (Cat. Marsupialia
and Monotremata in Brit. Mus. 1888), divided the suborder into

three families: (1) Macropodidpe with the subfamilies Macro-
podinfe/Potoroinse, Hypsiprymnodontinse

; (2) Phalangeridte with
the subfamilies Tarsepedinse {Tarsijies) , Phalangerinse {^Phalanger

,

Trichosurus, Pseudochirus^ Petauroides, etc.), and Phascolarctinse

(^Phascolarctos) ; and (3) Phascolomyidte (^Phascolomys).

In connection with the Macropodidae and Phalangeridse, Thomas
pointed out that the characters of Hypsiprymnodon are inter-

mediate between those of the two families, and render the division

between them by no means so sharp and well-defined as it has
been usually considered to be. Nevertheless, his arrangement
suggests that Phascolarctos is an aberrant member of the
Phalangeridse more nearly related t0 Phalanger than the latter is

to Macropus.
Thomas's classification has been adopted by English zoologists

and by Trouessai-t in his Catalogue (1912).

Bensley (Amer. Nat. xxxv. pp. 117-138 and 245-269, 1901;
and Tr. Linn. Soc. Lond. (2) ix. pt. iii. pp. 83-214, 1903) followed

Thomas in admitting the family Phascolomyidse and in regarding
Phascolarctos as the representative of a subfamily of the Phalan-
geridje ; but he made the important modification of transferring

Proc. Zool. Soc—1921, No. XL. 40
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Pseudochirus and Petauroides from the Phalangei-in'pe to the

Phascolaretina3 because of the crescentic (subselenodont) pattern

of the molar teeth in the three genera. Benslej^'s classification

was adopted, presumably with approval, by W. K. Gregory

(Ball. Amer. Mus. Nat. Hist, xxvii. pp._215-216, 1910), who was

acqviainted with but rejected the classification by Winge quoted

below.

Thomas, of course, was quite familiar with the dental character

to which Bensley and Gregory attached so much importance.

On p. 167 of his Catalogue he pointed out that by the compli-

cated subselenodont character of its molars, Pseudochirus, with

its close ally Petauroides, stands somewhat apart from most of

the other Phalangers, and approaches Phascolarctos, in which a

similar but simpler modification is observable. But his reasons

for attaching to it subordinate systematic value lay apparently in

the circumstance that in young examples of Phalanger a tendency

towards the same structure is visible, but the crests on the molars

soon wear ofl:', leaving little diflerence between them and the

simple quadricuspid molars characteristic of typical genera of

Phalangeridae. The obvious, but not on that account necessarily

true, inference to be drawn from this fact is that the tendency

towards the subselenodont molar pattern exhibited by Phalanger

is a primitive character of the family Phalangeridae, which is tem-

porarily retained in Phalanger, lost in Trichosurus, Dactylo'psila,

and others, and elaborated in Pseudochirus and Phascolarctos.

"Winge (E Museo Lundii, viii. pt. 1, 1893) held very different

views. He adopted two families : (1) Phalangistidaj [=Phalan-

o-eridfe] Avith the subfamilies Pseudochirini for Pseudocliirus

and Petauroides, and the Phalangistin* [=Phalangerinfe] for

the two groups Phalangistse {Phalanger, Trichosurus, Petaurus,

Tarsijjes, etc.), and Macropodes (llacropus, Hypsijifrymnodon,

etc.); (2) Phascolarctidge with the subfamilies Phascolarctini

(Phascolarctos) and Phascolomyini
(
Phascolomys) *.

Winge took as the basis for his classification the degree of

extension of the tympanic process of the alisphenoid, which in

the Phascolarctidae {Phascolomys, Phascolarctos) is small, does not

envelope the tympanic cavity, and fails to reach the paroccipital

process, whereas in the Phalangeridae, comprising the rest of the

genera of Diprotodont Marsupials, the bone in question is large,

envelops the tympanic cavity, and reaches the paroccipital process.

As accessory characters, the vestigial tail, the presence of a cardiac

o-land in the stomach, and the loss of one of the two normal

pairs of teats further serve to distinguish the Phascolarctidpe

from the Phalangeridae t-

* To these Winge added Thylacoleontiui {Thylacoled) related to Phascolarctini

and Diprotodontini {Biprotoclon, Nototherium) related to Phascolomyini.

f Winge's valuable paper is inifortunately written in Danish. The statements

about the extension of the alisphenoid is taken from Max Weber's work. I have

not been able to verify it in the case of the two skulls of PJiascolarctos available

for examination.
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Attention may also be drawn to Winge's severance of the
-crescent -toothed or subselenodont Phalangers {Pseudochirus and
Petau7'oicles) from the rest as representing a special subfamily
Pseudochirini equivalent to the' Phalangerinte containing not
only the rest of the genera Thomas assigned to that subfamily,

but all of those constituting the family Macropodidfe of that
author.

Max Weber (Die Siiug. p. 348, 1904) followed Winge in

admitting the two families Phalangeridte and Phascolarctidte as

he defined them ; but he did not admit the subfamily groups
Phascolarctinae and PhascolomyinsB for Phascolarctos and Phasco-
lomys respectively, and in the case of the Phalangeridse he made
a compromise between Thomas's and Winge's systems by dividing

the family into three subfamilies : Phalangerinae, Hypsiprymno-
dontinae, and Macropodinpe.

It will be noticed that neither Winge nor Max Weber attaches

any particular importance to the structural peculiarities of

The divergence of opinion between the authors quoted may be
briefly and more clearly expressed by the following tabulation of

their classifications :

—

Thoraas.

JBensley.

Winge.

Family AIACROPODID.E.
Subfamily Maceopodinje {Macropus, Dendrolagus, etc.).

„ PoxoROiN^ (Potorous, Bettongia, etc.)-

„ HxPSiPETMNODONTiN,?; {Sypsiprymnodon)-

Family PHALANGERIDiE.
Subfamily Taksipedinj5 (Tarsipes).

„ PjHALANGEEiNiE {Phalanger, TricJiosuriis, Fseudo-

chirus, Petauroides, etc.).

„ Phascolaectinjj (Phascolarctos).

Family PHASCOLOMYlUiE {Phascolomi/s).

Family MACROPODID^ [Macvopus, Hypsiprymnodon, etc.).

„ PHALANGERIDiE.
Subfamily TAESiPEDiNiE [Tarsipes).

„ Phalasgerinje [Phalanger, Trichosurus, etc.).

;,
PjiASCOLAECTiNai: {Pseudochiriis, Petauroides,

Phascolarctos).

Family PHASCOLOMYID.^ (Phascolomys).

Family PHALANGERID.^i *.

Subfamily PHALANGEEINiE.

a. Macropodes {Macropus, Hypsiprymnodon, etc.).

b. Phalangeri (Tarsipes, Phalanger, Trichosurus)

.

Subfamily Pseud ochiein^ {Pseudochirus, Petaw-oides).

Family PHASCOLARCTID^.
Subfamily PiiASCOLAECTiNiE {Phascolarctos).

„ PHASCOLOMTINiE {Phascolomys).

* For the sake of clearness in comparison, I have here altered the name Phalan-

ffista and its derivatives used by Winge to Phalanger and its derivatives.

40*
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Weber. Family PHALANGERIDJi:.
Subf'amilj' Maceopodinje {3Iacrojoi(s, Dendrolagus, Fotorous,

Settongia, etc.).

„ HXPSIPEYMNODONTINJJ {Hypsiprymnodoii).

„ Phalangeein^ {Tarsipes , Plialanger, Trichosurus,

Fseudochirus, Petauroides).

Family PHASCOLARCTID^ {PJiascolcirctos, Phascolomys).

External Characters.

The Bhinarium.—In Trichosurus the rhinarium is Inrge, naked,

and eoQvex above; the infranarial portions are complete laterally

and narrow; there is a median groove extending between the

nostrils on to the philtrum, which is divided into two narrow

strips, with a, little process, overlying the gum between the median

incisors, at the apex of the angular excision above. The nostrils

are of the typical form, consisting of a rounded orifice in front,

moderately widely separated from its fellow of the opposite side,

and of a lateral and posterior narrow slit.

In Phalanger the rhinarium is in a general way similar to that

of Trichosuribs, but the nostrils are more widely separated, the

infranarial portion is deeper in front, and the philtrum is ex-

ceedingly wide, and, although gradually nai-rowed below, is quite

wide where it terminates on the edge of the upper lip. There is,

moreover, no angular excision such as is seen in Trichosurus, but

the median groove broadens below, its floor terminating in a.

median process which projects at least as low as the lateral

portions of the philtrum.

In Pseudochirus the rhinai'ium is more like that of Tricho-

surus, but the infranarial portions are wider in front, with the

inferior edge more steeply inclined ; the median groove is con-

tinued between the nostrils to the summit of tlie rhinarium ; and

the inferior portion of the philtrum is quite narrow, with a small

median notch.

In Phascolarctos the nose is widely different. The muzzle is

abruptly sloped downwards about an inch above the nostrils, and

the whole of this inclined area is covered with very fine, short,,

scattered hairs, leaving a narrow, naked, thickened rim round the

nostrils. Thus there is no true rhinarium. The nostrils them-

selves are also peculiar. Each consists of an ovally elongated

valvular orifice, with a thickened superior and lateral rim, but

with the inferior rim hardly defined from the upper lip ; all

trace of differentiation into lateral slit and anterior orifice has

disappeared ; the septum is very nairow, and is continued in-

feriorly between the two halves of the upper lip, ending below in

a process over the gum between the median incisors.

In Phascolomys ursinus * the rhinarium is quite unlike that of

Phascolarctos, and resembles, broadly speaking, the rhinarium

* The rhinarium of Lasiorhinus latifrons, the hairy-nosed Wombat, which

should, I think, rank as a di.stinct jrenus, is unknown to me except from descriptions

and a dried skin. It appears to differ solely from that of Phascolomys in being-

covered with short hair, the nostrils being normally termed.
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of the three genera of Phalangers above described. It extends

dorsally, however, furtlier backwards in the middle line, and the

hair of the muzzle encroaches over the well-developed slit of the

nostrils, the expanded portions of which are widely separated in

the middle line. The infranaiial portions ar-e moderately deep,

and reach almost to the posterior end of the nostril- slits.

Text-figure 22.

A. Head of Pseudochirtis peregrinus, witb pocket of ear (a) seen from above.

13. Rbiuarium of the same.

C. Ear of Trichosurus vulpecula.

D. Rbinarium of tbe same, from the front.

E. Rbinarium of tbe same, from the side.

F. Head of Fhalanger maculatus, the ear stripped of hair.

G. Rbinarium of the same, from tbe front.

Their inferior edge slopes obliquely downwards and inwards to

the gum of the incisors, the two lobes of the upper lip being
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tolerably widely separable at this point. There is no median
excision in the interior edge of the rhinarinm above the teeth,,

and there is no median groove, but a groove runs on each side

from the nostril downwards and inwards to the gum, detining

the infranarial portion from the rest of the rhinarinm.

Facial Vibrissoi.—The facial vibrissse are well and normally

developed in Trichosurus, Phalanger, Pseudochirus, and Fhasco-

lomys, being represented by numerous long mystacials, super-

ciliaries, gena.ls—one tuft,—submentals, and interraumls. In the

examples of Flialanger and Pseudochirus examined, however, the

interramals were few in number and slender. In Phascolarctos

the vibrissa} are comparatively poorly developed, the mystacials

especially being few and short and the interramal tuft wanting.

Th6. Mouth.—There are only two points for me to notice in

connection with the mouth. The first is the presence, with which

everyone is familiar, of cheek-pouches in Phascolarctos. These lie

alongside the gum of the upper jaw in front, the orifice looking

downwards and the cavity extending upwards and backwards

towards the eye. No such pouches occur in Trichosurus, Pha-

langer, Pseicdochirtcs, or Phascolomys. The second is the presence

in Phascolomys of a flap of naked skin extending into the mouth
from the innei- surface of the lips laterall3^ This is analogous to-

the similar ingrowths well known in the Rodentia, where they

serve to close the throat during gnawing. Their function is no
doubt the same in Phascolomys. which has I'odent incisor teeth.

These oral flaps of skin are not developed in the other genera

here discussed, nor so far as I am aware in any other Marsupial.

a. A flap of slcin jutting inwards from the lower lip and lying

alongside the tongne on each side Fhascolomys.

a'. No flap of skin jutting into mouth from the lips.

6. A cheek-pouch on each side of tlie upper jaw JPhascolarctos.

h'. No cheek-pouches Fseudochirus,

PhalaHffer, Trichosuriis.

The Ear.—In Trichosurus the ear is high, but tolerably narrow
and nearly naked internally. The supratragus (metatragus) is

a well-developed thick, semicircular, slightly upturned disk.

Above it there is a low curved ridge. In front of it the cavity

of the ear is defined by a strong oblique ridge passing upwards
slightly above the low ridge above described and inferiorly

curving backwards beneath the supratragus and passing thence

tlownwards on the inner side of the well-developed tragal

thickening forming the anterior rim of the inferior notch {aditus

inferior), the posterior border of which is defined by a strong

thick antitragal ridge, capable of being turned outwards and
backwards to a certain extent ; but it exhibits no pocket-like

depression.

In Pseudochirus peregrinus the ear is nearly as naked intern-

ally, and relatively nearly as high as in Trichosurus but somewhat
broader. The supratragus is as well developed, but forms a more
distinct roof to the deep lower ^^ortion of the cavity. The low
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ridge seen in Trirhosurus is represented by a lobate thickening,

and there is a similar thickening lower down behind, above the

posterior end of the supratragus. The anterior ridge forms a

lobate expansion above the anterior end of the snpratragus,

and the tragns itself is less well defined.. The ridge behind the

Text-ficrure 28.

A. Head oiFhascolarctos cinereiis, with position of clieel;-pouch (p) dotted in and

pocket of ear (o) seen from above.

B. Nose and part of palate of the same, showing the nostrils and the orifices of the

cheek-pouches {p).

C. Nose and mouth of Fhascolomys ursinus, with lower incisors cut short and

flap of skin (f) projecting into mouih.

D. Side view of rhinarium of the same.

E. Ear of Lasiorhinus latifrons, from dried skin softened in water.
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inferior notch turns inwards above towards the posterior end of
the supratragus, and it is provided with a shallow pouch defined
externally by a definite thickened ridge.

The ear of Phalanger maculatus is greatly reduced, thickly
covered with hair externally, and scarcely projects above the level

of the head. The supratragus is large and valvular, and the
cavity of the ear above it is deep and roofed over by a ridge
resulting possibly from the confluence of lobate thickenings
homologous to the two seen in Phalanger. The anterior lidge
does not extend so high above the supratragus as in the two
genera already discussed, and there is a trace of the pouch on
the posterior ridge, although it is not so well defined as in

Pseudochirus.

In Phascolarctos the ear is more expanded even than in
Pseudochirus., but it dijBfers from the ear of that genus, Tricho-
surus, and Phalanger in having the supratragus reduced to a low
curved ridge without any trace of the lobe *. There is a low
ridge above it as in Trichositrus, and the anterior ridge bounding
the cavity of the ear in front is as in that genus ; the tragus,

however, is much smaller. The pocket on the posterior ridge is

present as in Pseudochims, but is deeper and has a more sharply
defined posterior rim.

In Phascolomys the antero-internal I'idge, continuous above
with the slightly overfolded anterior margin of the pinna, is

produced inferiorly into a large compressed lamina, jutting back-
wards into the cavity of the ear and descending to the auditory
orifice. Anteriorly and externally this lamina is marked by a
deep groove which descends and passes into a low ridge defining
the anterior border of the inferior notch, but there is no definite

tragal thickening. The antitragal ridge is also simple. It

ascends and forms the posterior edge of the cavity of the pinna,
and is itself marked externally and posteriorly by a groove.
The supratragus appears to be represented by a low ridge visible

above the laminate expansion of the antero-internal ridge.

Tlie ear of Lasiorhinus latifrons is very like that of Phascolomys,
but is longer. On a skin softened in water I could find no trace

of the supratragus.

The ear of Phascolomys resembles that of Phascolarctos in the
complete or almost complete disappearance of the supratragus

—

an important character considering the constancy in the deve-
lopment of this ridge in many Mammals, But in the simple
structure of the posterior antitragal ridge it is more like that of

Trichosurus.

The differential chai^acters of the ear may be used to define and
classify the five genera as follows :

—

a. Supratragus represented by a strong ridge with well-developed
lobate thickening.

h. No pocket above the antitragal ridge Trichosurus.

* Thomas mentioned this peculiarity and wrote "metatragus almost obsolete."
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6'. A pocket above the autitragal ridge.

c. Pinna greatly reduced ;
pocket small Fhalanger.

c'. Pinna large
;
pocket better developed Pseudoch iriis.

a'. Supratragus at most represented by a low curved ridge;

without trace of lobate thickening.

d. Antero-internal ridge normally developed; a large pocket

above the autitragal ridge Phascolarctos.

d'. Antero-internal ridge large and laminate ; no pocket above

autitragal ridge Phascolomys.

The Fore Foot.—In Trichosurus, Fhalanger, and Pseudochirus

there is a tuft of long carpal vibrissse. In Phascolarctos and

Phascolomys these tactile bristles are absent.

In Trichosurus the fore foot presents no special modifications.

The five digits are free of webbing down to the plantar pads and

are nearly evenly spaced, the third and fourth being the longest

and subequal. the second and fifth a little shorter but subequal

and rising at approximately the same level, and the first or

pollex much the shortest, about two-thirds the length of the third

or fourth, and not opposable but closing obliquely backwards and

inwards across the sole (palm). The claws of all the digits are

compressed, curved, and pointed, and the integument of the

lower side of the digits is transversely grooved. The uniformly

granular plantar pad is four-lobed, the three main lobes being in

contact. The inner or pollical lobe, sometimes separated from

the main lobes, is fused with the inner element of the carpal pad

into a longitudinal mass, longer than wide. The external element

of the carpal pad is elliptical, narrowly separated in front from

the external lobe of the plantar pad, and, like the internal element,

passes imperceptibly proximally into a narrow naked area of skin

between them and the hair of the wrist. The centre of the sole

is depressed and granular like the pads and the depressions

between them.
In Fhalanger the fore foot is considerably modified from the

type seen in Trichosurus. The third, fourth, and fifth digits are

evenly spaced ; but the second is capable of being separated from

the third by a much greater space than that between the third

and fourth. With tlie pollex it is capable of being extended

almost at right angles to the axis of the foot and of being closed

transversely upon the sole. The pads are transversely striate,

with the spaces between them granular, the space or groove

between the second and third being deeper than that between the

third and fourth. The first, the internal or pollical lobe, forms a

continuous subtriangular mass, directed obliquely backwards and

inwards when the pollex is drawn back, and the external moiety

of the carpal pad is larger than in Trichosuriis.

The capacity for co-operative movement of the first and second

digits in a plane nearly at right angles to that of the third,

fourth, and fifth seems to have been overlooked in Fhalanger

maculatus. Bensley, at all events, records the similar phe-

nomenon in Fseitdochirus and Phascolarctos as peculiar to these

two genera. Nevertheless, the modification in question may be
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Text-fi2-are 24.

A, B. lliglit fore and hind foot of TricJwsurus vulpecuJa.

C, D. „ „ l^halanger maculatus.

E, F. „ „ PseudocJiirtis peregrinus.

X*.
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clearly seen even on dried skins ; and it is shown in the figures

of the Spotted Cuscns in the Royal Natural History, iii. p. 257,

1894, and Harmsworth's Natural History, ii. p. 888, 1910.

These figures bear the impress of having been drawn from life by
Miitzel and Kuhnert respectively.

The fore foot of Pseudochirus resembles tolei-ably closely that

of Phalanger^ except that the third digit is not lengthened and

the lobes of the plantar and carpal pads are sef)arated and smaller,

the fused pollical element of the plantar pad and the inner moiety

of the cai'pal pad forming an oblique transverse mass about twice

as wide as long.

The fore foot of Phascolarctos is an extreme exaggeration of

the ty^^e seen in Phcdanger and Pseudochirus, although the pads

and intervening spaces are areolated or granular, not striated.

The sole is much longer as compared with its width : the first

and second digits are completely isolated from the rest, and rise

close together from the postero-internal angle of the foot, at I'ight

angles to its long axis and close transversely across the proximal

half of the sole, the posterior border of the pollex when drawn
back being approximately in the same transverse line as the

posterior border of the sole. There is a large three-lobed plantar

pad at the base of the third, fourth, and fifth digits, and there is

a similar but smaller lobe upon the base of each of the second

and first digits. The one on the pollex probably represents the

inner moiety of the carpal pad, and the one on the base of the

second digit the first or external element of the plantar pad,

widely severed from the lobe in front of it and altogether discon-

nected from the pollex behind it. The external moiety of the

carpal pad is small, restricted to the postero- external angle of

the foot and widely separated from the plantar pad.

In Phascolomys the fore foot, modified for terrestrial progres-

sion and digging, is very different from that of the pi^eceding

genera, especially from that of Phascolarctos. It may be derived

from the type seen in Trichosttrus by the shortening and widening

of the digits and sole, the obliteration of nearly all trace of the

individual elements of the pads, a.nd by the straiglitening,

lengtheiiing, and blunting of the claws.

2V;e Rind Foot.— In Trichosurus* , Phalavger, and Pseudochirus

there are one or two tactile vibrissa, similar to the carpal vibrissa?,

on the inner .side of the heel behind the hallux. These are

absent in Phascolarctos and Phascolomys.

The hind feet of the four arboreal genera-

—

Trichosurus,

Phalanger, Pseiulochirus, and Phascolarctos—differ from each

other much less than the fore feet. Their general structure is

well known. Hence only the comparatively minor points of

difference need be noticed.

* Kepresented in the figure of the hind foot of Pseudochirus cooki (pi. 20. fig. 4,

of Waterhouse's ' Marsupiata '), but apparently unnoticed in the text.
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In Trichosiirus the conjoined second and third digits* are

much shorter than the fourth. The three lobes of the plantar

pad at the base of the terminal digits are in contact, the outer

lobe being larger than the other two taken together. The large

lobe of the hallux shows no trace of division, and there is a

tolerably well-defined, long external metatarsal pad reaching

from the heel almost to the plantar pad.

The digits of Phalanger are approximately as in Trichosurios
;

but the external lobe of the plantar pad is separated to a certain

extent in front from the other lobes, which are fused although

defined by a groove, and are together larger than the outer lobe.

The entire hallux is relativel}^ larger than in Tt-ichosurus, and
its great pad is indistinctly divided ; there is no distinct external

metatarsal pad and the heel is shorter than in Trichosurus.

In Pseudochirus the digits are as in the foregoing genera, but

all the elements of the striated pads on the sole are better defined

even than in Trichosurus. The outer lobe of the plantar pad is

completely isolated from the two conjoined inner lobes and about

balf their size. The great pad of the hallux is distinctly divided,

into a distal and a proximal portion, the latter repi'esenting the

inner metatarsal pad ; the outer metatarsal pad is well developed,

sharply defined, and about twice as long as wide.

In the foregoing genera the hind foot is larger in every way
than the fore foot.

In Phascolarctos the hind foot is not larger than the fore foot.

It differs from the hind foot of the other genera in having the

united second and third digits relatively much longer and only a

little shorter than the fourth ; the lobes of the plantar pad are

feebly differentiated, being fused to form a transveise cushion,

with irregularly convex anterioi' and irregularly concave posterior

border. The great pad of the hallux is undivided, and there is

no distinctly defined external metatarsal pad. Thus in the

development of the pads the foot of this genus differs more from
that of Pseudochirus than from that of Trichosuriis

.

The hind foot of Phascolomys, as has often been pointed out,

is a fossorial modification of the Plialangerine scansorial hind

foot, resulting from the conversion of the sharp, curved claws of

the latter into longer, stronger, and straighter claws, from the

approximate equality in length between the fourth and the united

second and third digits, the reduction in bulk of the great pad

of the hallux so that it projects only slightly beyond the inner

margin of the foot, with the terminal segment of the digit planted

like a hemispherical tubercle upon it, and from the practical

* These two united digits act as a fuv-comb in Marsvipials. Possibly tliey were
primarily modified for that function. Generally they are too small in arboreal

forms to be of much use f"r grasping. But this cannot be maintained in the case

oi Phascolarctos ; and in Phascolomys they are large enough to be subservient to

digging. But in the Kangaroos thej' appear to be retained solely for the purpose

mentioned, and may frequentlj' be seen to be so employed. Moreover, it is signifi-

cant that these are the only digits in Tay'sipes which have other than rudimentaiy

claws.
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obliteration of the pads with expansion of the heel ; but, as in

the Phalangerine foot, the fifth digit is more widely separated

from the fourth than the latter is from the third, although the

digit in question is relatively shorter and the space above

mentioned somewhat wider.

Text-fio-ure 25.

A, B. Right fore and hind foot oi Thascolarctos cinereus

Q D, J,
Phascolomys ursimis.
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By their feet the genera may be distinguished as follows :

—

a. Feet fossorial with digits sbort, claws long, blunt and

slightly curved, and the granulai' pads but little differen-

tiated ; hallux short, its distal phalange reduced to a button-

like excrescence on the shortened lobe, which, however, still

retains the capacitj' for movement in the opposable plane ... Phascolomys.

a'. Feet scansorial and prehensile, with longer digits and sharp,

curved claws, and differentiated pads ; hallux very large and

opposable, with well-developed terminal phalange.

h. Fore foot as large as hind foot, with comparatively long and

narrow sole ; the inner lobe of the plantar pad small aud

attached to the base of the second digit, which is separated

by a long space from the third; the inner lobe of the

carpal pad small, isolated from the outer and attached to

the base of the first digit (pollex) ; second and thi-d digits

of hind foot comparatively large, strongly prehensile Phascolarctos.

hi. Fore foot smaller than hind foot, with shorter, broader sole

;

the inner lobe of the plantar pad large, in contact, or

nearly so, with the rest of the pad and fused into one mass
with the inner lobe of the carpal pad, there being no differ-

tiated pad at the base of the first digit (pollex) ; second

and third digits of hind foot short, weakly prehensile.

c. A comparatively long space between the third and second

digits of the foi-e foot, the second acting in unison with

the first like a double opposable pollex
; pads striated ... JPlialanger and

Pseudocli irtis^

ci. The five digits of the fore foot evenly spaced, the second

in no respect opposable to the next, and the first or pollex

only slightly so; pads granular Triclwsurtis.

The Pouch.—I have seen no fresh female examples of Phalanger

and Pseudochirus.

[n Trichosurus the poucli, as in Macropus, is deeper than

wide its orifice has a well-developed lateral and posterior rim

hut no overhanging anterior rim ; it therefore laoks forwards *
;

and in the specimen examined there were only two teats,

not four, as stated by Winge to be characteristic of the

Phalangeridje.

In Phascolomys the pouch is a little wider than long, being

deeper laterally, especially anteriorly, than behind or mesially in

front and a little deeper behind than mesially in front, the

muscular rim overhanging the cavity all round ; and there is a

single pair of teats.

In Phascolarctos the pouch, as recorded by Forbes, is much
wider than long, being extended, gradually narrowing as it goes,

along the depression between the muscles of the thigh and

abdomen nearly as far as the edge of the flap of integument

ioinino- the hind leg to the body, its width being about three

times its leniith. The orifice looks slightly backwards, the

muscular rim overhanging the cavity laterally and to a slight

extent in the middle line in front, but ceasing on each side close

to the position of the single teat. The orifice therefore looks

backwards.

* In his volume on Marsupials (Allen's Naturalists' Librarj', p. 76, 1894),

Lydekker wrongly states that the orifice of the pouch is directed backwards in

Phalangeridie.
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From the description of these three pouches it is evident that

the pouch of Phascolomys is structurally intermediate in many-

respects between those of Trichosurus and Phascolarctos. The
differences between the pouches of the last two genera, consider-

ing that both are ai-boreal forms, is remarkable, especially in view

of the theory that has been advanced that the anterior upward

aspect of the orifice is an adaptation to arboreal life or to the

Text figure 26.

A. Pouch of Phascolarctos cinereiis.

V>. „ Fhascolomys ursinus.

C. ,, Trichosurus vulpecula.

The extension of the pouch beneath the integument with the mammoB {m)

at its posterior end shown diagrammaticallj- with dotted lines.

more or less upright attitude assumed by such teirestrial bipedal

forms as Macrojms, and conversely that the posterior aspect of

the orifice is an adaptation to the terrestrial life and quadru-

pedal gait of such genera as Thylacinus and Sarcophilus. This

theory" entirely breaks down in the case of Phascolarctos, per-

haps the most specialized scansorial genus in the entire order.
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The deep, backwardly directed pouch of Trichosurus seems so

well adapted for the safe retention and carrying of the young up
in the trees that its replacement by a laterally directed poucli

with the orifice opening towards the tail, such as is seen in

Phascolarctos, seems most unlikely. The use of the lateral

extension for lodging the young carried by a mother who doubt-

less climbs at times head-downwards is easy to imagine, but the

reason for the reversion of the orifice demanded by the theory of

the descent of Phascolarctos from the Phalangerine stock is

puzzling. The structure of the pouch alone supplies evidence

that Phascolarctos is not closely related to any genus of the

Phalangeridse.

The characters of the three types of pouches above described

may be summarized as follows :

—

a. The orifice, not encircled beliind, opening backwards and

downwards; cavity of pouch extended laterally on each

side along the depression between the thigh and the

abdomen Fhascolarctos.

h. The orifice snbcircular, surrounded by a flap of skin all

round; cavity subcircular, a little deeper laterally than

elsewhere Fhascolomys.

c. The orifice opening forwards, at the anterior end of the

cavity, which is longer than wide Fsevdochirus,
Fhalanger, Trichosurus.

The Classification of existing Diprotodonts.

My opinion on the classification of the Diprotodonts is as

follows :

—

1. Winge's removal of Phascolarctos from the Phalangeridse

must be accepted. But although that genus shows points of

resemblance to Phascolomys not shared by other existing Dipro-

todonts, the diflferences between them are too many and too

important to admit of their ascription to the same family.

Moreover, if we adopt as criteria of family rank such characters

as those distinguishing the Kangaroos from the Phalangers, the

characters separating the Koala and the Wombat should, I think,

be given superfamily rank indicated by the titles Phascolarc-

toidea and Phascolomyoidea. Assuming Winge to have coirectly

placed the extinct forms above referred to, the Phascolarctoidea

will contain the two families Phascolarctidee {Phascolarctos) and

Thylacoleonidee (TA?/^acoZeo) ; and the Phascolomyoidea the two

families Phascolomyidte [Phascolomys, Lasiorhinus, Phascolonus)

and Diprotodontida) {Diprotodon, Nototherium).

2. The two above-mentioned superfamily groups are individu-

ally equivalent to a group of that rank, containing the rest of

the Diprotodonts, for which two names are available, Hypsi-

prymnoidea and Phalangeroidea, 1 prefer the latter on account

of its greater familarity and its derivation from the name of a

more primitive genus. Accepting for this group Thomas's families

Macropodidse and Phalangeridfe, it seems clear in the case of the

former that if the characters of Potorous and its allies entitle
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them to rank as a subfamily—and I see no reason for dissenting

from that view,—the characters of Sypsiprymnodon must be

given the higher rank of a family, the Hypsiprymnodontidse
equivalent to, and standing between, the Macropodidse and the

Phalangeridee, but not definitely assignable to either.

From the tj^pical Phalangeridae constituting the subfamily

Phalangerinse, the genera, Pseudochirus andi Petauroides, character-

ized by the crescentic pattern of the molar teeth, may be separated

as the Pseudochirinfe as proposed by Winge. But it does not

appear to me that proper appreciation has been shown for the

characters of the very highly specialized genus Tarsipes *, which
differs profoundly from the Phalangeridae in the structure of the

skull, teeth, tongue, snout, and alimentary canal, as Thomas re-

corded. The genus seems to be at least as widely divergent fi'om

the Phalangeridae as are the Macropodidse. These two families,

indeed, are linked by the Hypsiprymnodontidse, and the

evolutionary stages by which the Kangaroos have been derived

from the Phalangerine stock may be traced with reasonable

certainty through living forms. Bvit all the hypothetical inter-

mediate genera between Tarsipes and the Phalangers have died

out, leaving that genus isolated. And since, in my opinion, it

differs more from the typical Phalangers than do the Pseudo-

chirines, it may be raised at least to the rank of a family

—

Tarsipedidfe.

Briefly, the existing genera of Diprotodonts may be classified

as follows :

—

Phalangeroidea.

Fam. MACROPODIDiE.
Subfam. Macropodin^.

,,
PoTOROINjE.

Fam. Hypsiprymnodontid^.
Fam. Phalangerid^.

Subfam. Phalangerine.

,,
PSEUDOCHIRINE.

Fam. Tarsipedide.

Phascolarctoidea.

Fam. Phascolarctide.

Phascolomyoidea .

Fam. Phascolomyide.

* Winge and Beiisley even considered the characters of this genus to be of less

sj'stematic value than the concentric molars of Fsev.docJiirus.

Proc. Zool. Soc— 1921 , No. XLI. 41
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34. The Nestling Feathers of the Malhird, with Observations-

on the Composition, Origin, and History of Feathers.

By J. CossAR EwART, M.D., F.R.S., F.Z.S., Eegins

Professor of Natural History, University of Edinburgh.

[Received March 7, 1921 : Read March 22, 1921.]

(Plates I.-X. ; Text-figures 1-14.)

I. The Nestling Feathers of the Mallard {Anas boscas).

In a recent paper in ' The Ibis ' it is pointed out that " there

is no branch of ornithology that has remained so long neglected

as the study of nestling birds, nor is there one in which so many
problems await solution" (1), That the study of nestling feathers

has been neglected will be admitted when it is mentioned that up
to 1906 it was not realized that the true feathers (pennse) may be
preceded by two generations of nestling feathers (prepennse), that

ornithologists have not yet made up their minds whether the

familiar coat worn by newly-liatched chicks and ducklings corre-

sponds to the first (protoptile) or to the second (mesoptile)

nestling coat of Penguins, and that morphologists have not yet

ascertained whether nestling and other feathers originally con-

sisted of one shaft or of two complete shafts like the nestling and^

adult feathers of the Emu.
True or definitive feathers vary greatly in size and structure

;

nevertheless, they may be said to belong either to a plumose
(metaptile) or to a pennaceous (teleoptile) type. The plumose
true feathers are characterized by barbules which may possess

cilia but never have booklets (hamuli) ; in pennaceous feathers

some of the barbules are armed with booklets, by means of which
the barbs are "woven" into a web—in the wing-quills of flying

birds we have highly specialized teleoptiles ; in the plumose
feather from a Mallard represented in PI. I. fig. 1 we have an
example of a simple metaptile, bearing a protoptile.

In Penguins all the true feathers are probably preceded by
both protoptiles and mesoptiles (text-fig. 3), but in many birds

there is only one nestling coat—the mesoptiles have either been
completely suppressed or are represented by inconspicuous and
barely recognizable vestiges.

In most birds there are numerous hair-like feathers associated

with, and intimately related to, the true feathers. As these

hair-like feathers are preceded by minute prepennse—are, in fact,

degenerate pennse,—they might be known as filopennse.

Further, in many birds there appear between the true or

contour feathers (pennae) true down feathers (plumulfe). In all

the Ducks, Geese, and Penguins examined the plumulse are

preceded by preplumulse.

41*
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The relation of the various kinds of fea,the^^s of mature birds to

Jiestlhig feathers is indicated in the following table :

—

I'apillte.

Filaraenta
(Cryptoptiles).

Prefiloplumse

(Prefilopennfe)

I. Prepeiinaj

(Protoptiles).

II. Prepennse
(Mesoptiles).

Prepluniulae.

Filopiumafi

(PilopennaB).

Plnmose PeiiiiaB

(Metaptiles).

Pennaceous Peiinas

(Teleoptiles).

Plumules.

1. The Prepennce.

The most concise and authoritative statement I have come
across about nestling feathers occurs in ' ISTewton's Dictionar}'- of

Birds.' It is there stated that neossoptiles {i. e. protoptiles) " are

characterized by (1) a very short calamus, (2) an insignilicant or

ill-defined rhachis—if there be one at all, (3) the almost universal

absence of cilia, (4) long and slender rami (barbs), and (5) the

absence of an aftershaft except in Dromreus "
; in another para-

graph it is stated that the barbules (radii) of the aftershaft have

no cilia (2). A more recent statement about neossoptiles is that

the feathers forming the familiar coat of newly hatched ducklings

and chicks are not protoptiles but mesoptiles, and hence corre-

spond to the feathers forming the long fur-like second coat of

Penguins (3).

I may at once state that in Mallard ducklings the outer

nestling coat consists of typical protoptiles characterized by

(1) a well-developed calamus which may contain over twenty
" cones," (2) a well-developed rhachis, (3) well-developed and in

some cases hook-like cilia, (4) short stiff, as well as long slender

barbs, and (5) by a well-developed aftershaft, the barbules of

which bear cilia.

In ducklings the protoptiles vary in size—some are over 30 mm.
in length and resemble plumose (metaptile) feathers, others are

uiider 10 mm. in length and resemble preplumulpe. But the

small as well as the large protoptiles consist of a calamus, a shaft,

and an aftershaft. In addition to assisting the preplumulfe, and
later the plumulfe, in diminishing the flow of heat from the skin,

the protoptiles, as a rule, prevent water reaching the under coat
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of true down ; by the pigment they contain they help to make
the duckling inconspicuous.

(1) The Wing-Quill FrotoptileH.

Though Ducks have been living under domestication for well-

nigh two thousand years, their nestling feathers have appai'ently

never been systematically examined. That no serious attempt
has been made to study the nestling feathers of ducks and other

Anseres, and of fowls and other Galli, is made evident by a

perusal of Mr. Pycraft's important monograph on the Emperor
and Adelie Penguins. In an interesting chapter on the com-
position and sequences of the neossoptiles, after pointing out that
" the penguin must certainly be regarded as having preserved

what must be looked upon as a somewhat, perhaps very, ancient

succession of plumages," Mr. Pj'^craft states that " in the light of

my I'ecent discovery " it is clear that the " down " feathers of the
Galli and Anseres "do not, as I imagined, represent a primitive

type of down feather homologous with the woolly, and so pre-

sumably degenerate down of say the Alcida?, but answer to

mesoptyles. The protoptyle or first generation of feathers would
seem to be wanting in these birds, but I had the good fortune to

discover small tufts of down adhering to the tips of the meso-
ptyles of a young Chlo'&phaga rubidicejjs. Thus we may assume
that this first genera,tion, since it has not yet been traced, has

been lost in all the Galli, and probably all the Anseres save

perhaps this species and one or two allied genera" (3).

As PI. I. figs. 2 & 3 show, I have succeeded in tracing two
generations of nestling feathers in the Indian Runner Duck and
in the common Domestic Goose, and thereby have proved that

the coat worn by newly-hatched Ducks and Geese consists of

proto])tiles corresponding to the first or protoptile nestling coat

of Penguins. In the case of the King Penguin the first or

protoptile coat is apparently in the act of disappearing ; but in

all the Anseres and Galli I have examined it is the second coat

that has' been lost or is in the act of disappearing. Though in

the wings of some Ducks and Geese well-developed mesoptiles

still make their appearance, the tail-quill mesoptiles are either

vestigial or have been completely suppressed. That the pro-

toptile is in the act of disappearing in the tail of the Penguin is

suggested by PL I. fig. 4, while PI. II. fig. 5 clearly indicates

that as the mesoptile was suppressed in the tail of the Mallard

the protoptile was enlarged.

With the help of a prematurely developed "nestling tail" the

Mallard duckling begins to dive at the end of the second week,

but, owing to the development of the wings being retarded, flying-

only becomes possible at the end of the eighth week. That the

development of the wing is from the outset retarded is suggested

by PI. II. fig. 6, a ten days' duck embryo. In this embryo the

papillae which deA'elop into the tail-quill protoptiles are large,
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but the wing-quill papillse are only beginning to make their

appeanince *

.

In a five weeks' duckling some of the tail-quills measure
50 mm., but the wing-quill rudiments at the end of the fifth

week only measure 4 mm. The wing of a twenty-five days'

MallaiTl is x^epresented in PI. II. fig. 7, natui'al size, and the

protoptile of a secondary wing-quill of a thii'ty-eight days'

Mallard in PI. II. tig. 8. Though the wing-papillae appear late

they soon develop into filaments—filaments of a thirteen days'

Mallard embryo are represented in PI. III. fig. 9. With the

exception of the calamus the development of the protoptile is, as

Text-fisfure 1.

Part of a barb from the shaft of a protoptile of a 16 days' duckling showing

barbules spirally twisted at their origin. X 25 dia.

Text-figure 2.

Distal part of a barbule of a protoptile of a 23 days' duckling

showing cilia. X 250 dia.

a rule, completed before the end of the twenty-eighth day of

incubation, so that the vascular pulp—which made the develop-

ment of the nestling feather possible—may be converted into

bloodless pith before hatching. Even when the duckling escapes

from the shell the nestling coat consists of bristle-like filaments.

But as the duckling dries, the thin friable sheaths which pro-

tected the protoptiles during development disintegrate, with the

i-esvilt that the protoptiles expand and provide the duckling

with a wonderfully complete outer nestling coat. A wing-quill

* It is conceivable that tliere is some relation between the slow development of

the wing and the persistence of wing-quill mesoptiles.



NESTLING FEATHERS OF THE MALLARD. 613

protoptile of a twenty-six clays' duck embryo artificially removed

from a filament (like the long filaments in PI, III. fig. 9) is

represented in PI. III. tig. 10.

The wing-quill protoptiles are complete feathers : i. e., each

consists of a calamus, a shaft, and an aftershaft. The calamus,

though only 3 or 4 mm. in length, is well formed, contains

several " cones," and remains intact imtil the protoptile is shed

—

in Penguins the part of the epidermic tube which represents a
" calamus " usually soon splits, with the result that the individual

protoptile barbs are directly continuous with mesoptile barbs

(text-tig. 14). Though the growth of the shaft and aftershaft is

arrested before hatching, the calamus may continue to grow after

hatching.

The shaft is made up of a rhachis, continuous with the outer

segment of the calamus, and usually of seven or eight pairs of

barbs, which vary in length and in the nuitaber of barbules they

possess. The two terminal barbs (which by uniting formed the

distal part of the rhachis) end in long slender processes destitute

of barbules. The aftershaft (PI. III. fig. 11), continuous with the

inner segment of the calamus, usually consists of eight barbs

bearing barbules. Sometimes the four mesial barbs of the after-

shafts iTuite to form a short rhachis. The bai'bules of the shaft

are spirally twisted at their origin (text-fig. 1), but the aftershaft-

barbules only curve slightly on leaving the barb. It has frequently

been stated that aftershaft-barbules of true as well as nestling

feathers have no cilia, but cilia are invariably present on the

barbules of the protoptile aftershaft of Mallard ducklings. Part

of a barbule with cilia is given in text-fig. 2.

The Aving-quill protoptiles may all be present at the end of the

sixth week (PI. III. fig. 12), but some of them have usually been

shed before the end of the seventh week. Though Mallards

begin to fly during the ninth week, the development of some of

the wing-quills is only completed during the tenth week.

(2) The Wing-Quill Mesoptiles.

Up to 1906, as already mentioned, it had not occui-red to

ornithologists that true feathers (pennje) might be preceded by

two generations of nestling feathers (prepennse), and mesoptiles

have apparently not yet been recorded in connection with wing-

quills.

Early in the century two National Antarctic Expeditions were

fortunate enough to collect material which made possible a fairly

exhaustive study of the development and history of the nestling

feathers of Penguins. The penguin material brought home by

the English National Antarctic Expedition was reported on by

Mr. Pycraft ; that collected by the Scottish National Antarctic

Expedition by Dr. Eagle Clarke. In a paper published in 1906

in ' The Ibis,' Dr. Clarke announced that he had discovered two

coats of nestling feathers in the Ringed and Gentoo Penguins,
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Text -figures 3 & 4.

mes

Sh
met"'

Diagrams indicating the relation of the mesoptile to the protoptile and to the first

true feather of a Ringed Penguin :

—

pro., the protoptile, consisting of four

outer barbs representing a shaft and of four inner barbs representing an after-

shaft, sh.mes., shaft of mesoptile continuous distallj^ with protoptile and

proximally with the shaft of the true feather.- af.mes., mesoptile aftershaft also

continuous with the protoptile and the true feather, ch., connection with pro-

.toptile. c, connection with shaft of true featlier. ca., connection with after-

shaft of ti'ue feather, cal., calamus.
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and in the following year an important paper by Mr. Pyoraft on

the Emperor and Adelie Penguins was published which deals

with the composition and sequences as well as with the structure

of nestling feathers.

Dr. Clarke refrained from stating whether the silky-white

protoptile coat, or the grey far-like mesoptile coat, of the Ringed
Penguin, corresponds to the nestling coat worn by newly-hatched

chicks and ducklings. But Mr, Pycraft, in discussing the

sequences of nestling-feathers, states that there are good reasons

for assuming that in most of our common birds the first or

protoptile coat has been lostj and adds that the feathers forming

the adult coat of the Emu maght possibly consist of mesoptiles.

Whether ornithologists have, as a rule, adopted Mr, Pycraft's

views it is impossible to say, but it may be mentioned that

Mr. Ingram, in tiie ' Ibis ' paper already referred to, points out

that a study of the nestling plumage of the Raptores suggests

that in some cases, at any rate, it is the second and not the first

generation of nestling "down" that has been suppressed (1).

When, some years ago, I was led to study the feathers of

Penguins, I assumed that birds with only one nestling coat had

lost the first or protoptile coat ; but the examination of a

number of nestlings soon made it evident that when in the Galli

and Anseres there is only one generation of nestling feathers,.

it is owing, not to the absence of the protoptiles, but to the

suppression of the mesoptiles.

In the account of the nestling feathers of the Emperor
Penguin, Pycraft states that the mesoptiles are umbelliform, and
that in the Adelie Penguin the mesoptile is in part attached to

the main shaft, but mainly to the aftershaft. I have not had an
opportunity of studying the nestling feathers of either the

Emperor or Adelie Penguins, but from material pkiced at my
disposal by Dr. Eagle Clarke I have Avorked out the structure

of the mesoptiles of the Ringed Penguin. In this species the

mesoptile is extremely complex : it consists (1) of an outer smalt

series of barbs, which extends betAveen the protoptile and the tip

of the true feather, and hence occupies the position of, and
doubtless represents, a shaft ; and (2) of an inner series of barbs

(text-fig. 3), arranged to form two or three bundles, which as

obviously represent an aftershaft. The chief connections of the

mesoptile in the Ringed Penguin are diagrammatically repre-

sented in text- fig. 4, which indicates that the mesoptile Consists

of a simple shaft extending between the protoptile and the tip of

the true feather, and a complex aftershaft connected with the

shaft as well as with the aftei'shaft of the true fea,ther.

In a Mallard duckling at the end of the fifth week the

mesoptile looks as if it would develop into a simple umbel not

unlike the umbelliform protoptiles of Penguins. But this

appearance is due to the fact that nestling feathers, like true

feathers, are developed, not out of a scale-like plate, but out of an

epidermic tube suiTounding a highly-vascular dermic pulp and



I'ext-fio'ui'e 5.

cr.pro.

Diagram indicating the structure and relationships of the mesoptile with the pro-
toptile and with the true feather in the Chinese Goose. The mesoptile shaft
(sh.jnes.), which lies between the protoptile shaft (sh.pro.) and the tip of a true
feather, consists of numerous barbs and of a band representing a rhachis. Con-
tinuous with the rhachis is a perforated band from which slender cords (c.)

proceed to the barbs forming the tip of the true feather (tel.). The mesoptile
afterehaft is also continuous with a perforated band which ends in a vestige of
an aftershaft of the true feather (af.t.). From the perforated hand slender
cords (c 1) proceed to barbs near the tip of the true feather. It will be ob-
served that the aftershaft of the protoptile consists of twelve well-developed
hurbs armed with numerous bavbnles.
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protected by a thin epidermic sheath. When the development
is carried further, it becomes evident tliat in the Mallard the
mesoptile consists of two sets of fibres, an outer set i-epresenting

a shaft, and an inner, an aftershaft, each provided with a more
or less distinct rhachis. Though the mesoptiles in Ducks may-
reach a considerable size, it is ea,siei' to make out their develop-
ment and structure in Geese. The wing-cjuill mesoptiles, though
well-developed in the Mallard, are not present in the Emden
goose but as PI. I. fig. 3 shows, the major wing-covert mesoptiles
may reach a considerable size in Geese.

To start with, the mesoptile of a Chinese gosling looks as if it

jDOSsessed a calamus (PI. IV. fig. 13); the mesoptile barbs seem
to proceed from a tube lying immediately in front of the tip of

the true feather. That this tubular part represents a calamus
is supported by the fact that it contains several " cones," but
against the view that it is a true calamus is the fact that it is in

the act of splitting longitudinally into numerous slender cords.

In mesoptiles from older goslings pai-t of the tubular portion is

represented by tw^o perforated bands, from which proceed
numerous slender cords towards the wing-covert. Sometimes
the mesoptile in goslings splits into "two portions (PL TV. fig. 14,

& text- fig. 5), an outer (the shaft) extending between the shaft

of the protoptile and the tip of the wing-quill, and an inner (the
aftershaft) extending between the protoptile aftershaft and the
vestigial aftershaft of the wing-quill.

It may be mentioned that in the Anseres the mesoptiles vary
greatly in structure-—the proximal part of the aftershaft may be
perfoi-ated and assume the form of a section of a relatively

large tube (PI. IV. fig. 14), or, like the rhachis of the shaft, be
represented by a simple narrow band. Though in the Mallard
and Chinese goslings the aftershaft, as well as the shaft of the
mesoptile, has usually a distinct rhachis, in Emden goslings the
whole of the mesoptile, as PI. 1. fig. 3 suggests, usually consists

of simple barbs, one or two of which are continuous with the
rhachis of the wing-covert shaft, while two or more end in a
vestigial aftershaft. The barbules of the mesoptile, like those of

the protoptile aftershaft, are narrow and provided with well-

developed cilia. In the Ringed Penguin the mesoptiles closely

agree in structure, but in the Ducks and Geese examined no two
mesoptiles were alike in structure. The mesoptile coat is probably
as useful now to Penguin chicks hatched within or near the
Antarctic Circle as it was when originally acquired, during perhaps
a cold phase of a glacial epoch. In the Anseres, though the
protoptile coat still plays an important part, the mesoptile coat

probably no longer counts in the struggle for existence. If this

is the case there is no difficulty in accounting for its being well-

developed in some parts but entirely absent in others, and for

the marked variation amongst the mesoptiles which still persist.

The Mallard has wing-covert, as well as wing-quill, mesoptiles.

The mesoptiles which precede the wing-coverts in the Mallard
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are especially interesting, because they indicate how the suppres-

sion of the mesoptiles was gradimlly accomplished. In the case

of the disappearing protoptiles of the King Penguin (PI. 1.

fig. 4) the size is gradually reduced until they are smaller than
the minute bunch of barbs which precede the filoplumes of

ducklings. In the case of the vanishing mesoptiles two sets-

of factors are evidently at work ; one set arrests the development
of the mesoptile barbs, another set accelerates the development of

the barbs of the true feather, with the result that in coui'se

of time the tip of the true feather is found projecting into the'

base of the protoptile calamus.

Though in most cases the mesoptiles are gradually reduced in

size, in some cases the length is maintained and either a few
barbs with barbules are developed, or the simple epidermic tube

splits into two or more bands, which for a time connect the

protoptile to the tip of the true feather.

It may be mentioned that though all the wing-quill protoptiles

and mesoptiles may be present in the Mallard duckling at the

end of the sixth week (PI. III. fig. 12), some of the mesoptiles

are usually shed before the end of the seventh week, and all are

usually lost before the middle of the eighth week. But though
the wing-quills lose all their nestling feathers during the eighth

week, some of the feathers of the humeral track may retain

protoptiles and mesoptiles to the end of the eleventh week. The
existence of the wing-quill mesoptiles in the Mallard proves

conclusively that the nestling coat worn by newly-hatched Ducks
and Geese corresponds, not as Pycraft suggested to the second

generation of prepennse in Penguins, but to the first or protoptile

generation.

(3) The Tail-Quill Protoptiles. '

The tail varies greatly in young aquatic birds. In Penguins
the tail protoptiles have almost disappeared and the mesoptiles

are only represented by a few simple barbs (PI. I. fig. 4). In the

Malla,rd the mesoptiles of sixteen of the eighteen tail-quills have
completely disappeared, but the protoptiles of all the eighteen

quills are larger and more complex than in the plumose (meta-

ptile) feather represented in PI. I. fig. 1. In Penguins steps are

soon taken to develop the tail-quills with a view to their forming
with the hind limbs a tripod useful in maintaining the erect

attitude. In the Mallard the protoptiles form a " nestling tail
"

which plays an important part dui-ing the earlier portion of the

period tha.t Mallard ducklings behave like diving ducks*.
In a ten days' duck embryo the tail-quill papillae t are easily

* The adult Mallard, Mr. G. J. Millais informs me, " hardly ever dives except

when in play during the love chase, or to escape when wounded."

f There are twenty tail-quill papillae, bnt only eighteen of them develop into

feathers large enough to rank as tail-quills. A paper " On the development of the

Feathers of the Duck during the Incubation Period " was recently communicated
to the Royal Society of Edinburgh by Augusta Lamont, B.Sc.
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identified (PI. II. fig. 6), and by the twenty-fifth day of incubation

they have grown into long fihunents out of which escape imme-
diately after hatching highly specialized protoptiles. During
the first week the nestling tail consists only of protoptiles (PI. lY.

fig. 15). but during the second week the protoptiles are pushed

from the skin by the tail-quills, or by vestigial mesoptiles. At

Text-fiffure 6.

This drawing shows that the rhachis of the shaft of a typical tail-quill protoptile

ends in a calamus containing "cones," that this calamus is directly continuous

with the expanded distal portion of the tail-quill rhachis, and that the connection

of the protoptile with the teleoptile is strengthened hy harbs at the tip of the

tail-quill ending in the proxiittal portion of the protoptile calamus.

the end of the fourth week the tail-quills may be nearly an inch

in length, and they are still longer at the middle of the fifth

week (PI. IV. fig. 16). During the latter part of the fifth week
the protoptiles begin to break off, a,nd with the exception of the

ninth from the middle line at each side, they are usually all shed

by the middle of the sixth week.
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The calamus of the protoptiles is strong and rigid and firmly

fixed to the expanded tip of the tail-quill rhachis. By way of

strengthening the connection between the protoptile and the tail

-

quill, four or more pairs of the terminal barbs of the tail-quill

are attached to the protoptile calamus (text-fig. 6). At the end
of the second week the " nestling " tail and the other structures

concerned are sufficiently developed to admit of young Mallards

Text-figure 7.

The proximal portion of the calamus of a tail-quill protoptile containing " cones.""

As the calamus approaches the tip of the tail-quill it splits into an outer

portion continuous with the expanded rhachis of the quill and a more slender

inner portion continuous with a vestigial tail-quill aftersliaft. c, protoptile

calamus with "cones." sh., tail-quill shaft, af., vestige of tail-quill after-

shaft.

obtaining the greater part of their food by diving*. Notwith-

standing the loss of the protoptiles during the sixth week, young
Mallards usually continue to behave like diving ducks up to the

end of the eighth week. From what has been said it is evident

that the " nestling tail " of the Mallard duckling is not from first

to last entirely composed of nestling feathers. It is a true

nestling tail up to the middle of the second week, but from the

* Two of nine Mallard ducklings I had under observation began to dive on the-

thirteenth day : they were all diving on the fourteenth day.
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beginning of the third to the end of the fifth week the true tail-

quills take an ever increasing part in forming the " nestling tail."'

Hence nestling feathers only function during three of the six

weeks that Mallard ducklings feed and disport themselves like

diving ducks. When the protoptiles are shed, the tail-quills,

owing to the rhachis being sihort and incomplete, look unfinished^

Perhaps for this reason the first set of tail-quills is ere long
superseded by larger and moi'e perfect quills in which the rhachis,

as in adult ducks, ends in a fine point. Usually the first set of

tail-quills begins to drop out during the fourteenth week, and a
new tail consisting of feathers of the adult type is eventimlly
developed.

The Structure of the Tail Protoptiles.—The calamus of the tail-

quill, like that of the wing-quill, protoptile, continues to grow
after hatching. In the case of the protoptiles at each side of the
middle line the calamus only reaches a length of 4 or 5 mm. and
may have only three or four " cones'' ; biit the calamus of the
outer tail protoptiles may eventually measure 15 mm. and contain^

over twenty " cones." I expected the entire protoptile calamus:

to be directly continuous with the expanded tip of the tail-quill

rhachis, but I found that, as text-fig. 7 shows, the calamus splits,

into an outer segment continuous with the tail-quill rhachis and
an inner segment continuous with the rhachis of a vestigial

aftershaft, the presence of this unexpected vestige of an after-

shaft indicates that even the highly specialized tail quills-

originally consisted of two shafts, and hence were constructed on
the same plan as the double feathers of the Emu.
The shaft of the tail-quill protoptiles of a Mallard duckling

as a rule consists of fourteen or more pairs of barbs, each pro-

vided with barbules. As already mentioned, the majority of the
barbs of the wing-quill protoptiles are long and pointed and have
only a limited number of slender barbules (PI. II, fig. 8), but some
of the barbs of the tail-quill protoptiles are ribbon-shaped
(text-fig. 9), and they all have barbules along their whole length,.

The majority of the barbules have simple cilia along both
margins; but the six or seven pairs of libbon-shaped baibules at

the tip of the protoptile have large curved cilia along one margin,
which differ but little from the booklets on the barbules forming
the tip of the true tail-quills. The difference between the
specialized bai"bules with hook-like cilia at the tip of the pro-
toptile and the slender proximal barbules with small cilia will be-

evident if text-fig. 8 is compared with text-fig, 9. When the
broad barbules with hook-like cilia on one edge cross each other
the approximation to a true teleoptile is especially marked..
What Mallard ducklings gain by having the tips of the tail-quill

protoptiles highly specialized is not very obvious. The after-

shaft of the Mallard's tail quill consists of eight long barbs
(Plate III. fig. 11) bearing slender almost straight barbules, each
with two rows of small cilia.

It may be mentioned that in the case of the goslings of Chinese-



'622 PROF. J. COSSAR EWART ON THE

and Emdeii geese the tail-quill pfotoptiles—though possessing a
long, sbrong calamus firmly connected with the rhachis of the tail-

quill, a well-developed shaft, and an aftershaft made up of twelve
T3arbs—are not pi'ovided with broad distal barbules armed with
hook-like cilia. In goslings, as in ducklings, the inner segment
of the calamus of the tail-quill protoptile is continvious with the
rhachis of a vestigial tail-quill aftershaft.

Text-fio-ure 8.

Two of the proximal bavbules of a tail-qail] protoptile; they are narrow

and armed with small cilia. X 64.

Text-figure 9. -

'Three of the hroad distal tail-quill barbules armed along one edge with tooth-like

cilia (Jiamuli) of true feathers. X 64. The difference between the simple

proximal and the specialized distal barbules is also indicated in text-fig. 6.

{i) The Tail-Quill MesojJtiles.

In sixteen of the tail-quill protoptiles of the Mallard the

mesoptiles are completely suppressed, but in the remaining two

—

the ninth from the middle line at each side—the mesoptile is

represented by a simple tube from 10 to 12 mm. in length ex-

tending between the protoptile calamus and the tip of the tail-

quill. This tube, though complete to stai-t with, sooner or

later splits into two or more bands, the outer of which is con-

tinuous with the rhachis of the tail-quill, while the inner ends in

the rhachis of a vestigial tail-quill aftershaft. As these bands

have no barbules they evidently do not represent barbs. Though
there are only vestiges of two tail-quill mesojDtiles in the Mallard,

there are sometimes vestiges of all the mesoptiles in cross-bred
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domestic ducks. In cross-bred, as in Mallard ducklings, the

feathers at each side of the true tail-quills approach in structure

the wing-quill mesoptiles. In Eider ducklings the wing-quill, as

well as the tail-quill, mesoptiles are either absent or represented

by miniite vestiges, hence the Eider supports the view that in

the Anseres the mesoptiles no longer count in the struggle for

existence.

(5) The Prepennce of the Trunk.

About the prepennfe which precede the feathers of the head,

neck, trunk, and hind limbs, very little need be said. In many
cases the protoptiles closely resemble, and may be as large as,

the wing-quill protoptiles, but they are sometimes so small and
poorly developed that it is difficult to distinguish them from pre-

plumulaj. The protoptile from the dorsal track of a thirty-eight

days' Mallard duckling represented in PI. I. fig. 1 is only half the

size of the wing-quill protoptile in PI. II. fig. 8 ; but some of the

protoptiles of the wing-coverts are smaller than the majority of

the preplumulae. Usually the protoptiles of the trunk are shed

about the same time as the wing-quill protoptiles, but in a small

chequered area at each side of the body near the tail well-

developed protoptiles are still present at the end of the eleventh'

week. Though mesoptiles precede some of the trunk pennse,

they are never as well developed as the wiug-quill mesoptiles.

The examination of the mesoptiles of ducks and penguins lends

support to the view that the mesoptile coat was specially acquired

to meet a marked change of climate—a change perhaps from cold

dry to cold damp conditions—and that in most cases as the

climate improved the fur-like second coat was more or less com-
pletely suppressed, and a new coat, made up of feathers con-

structed on the piotoptile rather than the mesoptile plan, was
subsequently evolved. It is conceivable that some of our modern
birds, e.^r.jtheEmu and Cassowary, are descended from ancestors

which never acquired a mesoptile plumage.

2. The Prephcmuke and Plunudce.

(1) The Prephcviulce.

In many birds the nestling coat sooner or later consists of pre-

plumulfe as well as prepennpe. In the Gannet the preplumula;

appear before the prepennee, and grow so rapidly that even when
the prepennse are well developed they are difficult to fii:id ; but

in the Mallard in most regions the preplumulae are hidden by a

relatively dense coat of protoptiles. Though the pre2:)lumuke

papillae in the Mallard fippear three or four days later than the

protoptile papillte, the majority of the prepiumulge are ready to

escape from their filanienls ns soon as the duckliug is hatched.

The relative size of the protoptile and preplumuhe filaments of

the Mallard is indicated in PI. III. fig. 9 and in text-fig. 10. The
difference in size of the protoptiles, preplumulae, and prefiloplumse

Proc. ZooL. Soc—1921,No. XLII. 42
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is made evident by PI. Y. fig. 17, which shows a protoptile, three

plumulse, each with a preplumula on its tip, and, on the left

of the protoptile, a prefilopluma on the tip of a developing
filoplume.

The preplumnla consists of a short conical calamus,' a shaft

often consisting of a short rhachis and four barbs, and an after-

shaft also as a rule consisting of four barbs. It is sometimes
difficult to distinguish the small protoptiles which precede small

true feathers from preplumulse, but when in ducklings the

Text-figure 10.

Filaments from a Mallard embr^-o.

P, proximal part of a protoptile filament. P.l, a preplumula filament.

P. 2, a prefiloplume filament. S., skin.

barbules are characterized by nodular swellings and very fcAv

cilia it may be safely assumed that the nestling feather under
examination is a preplumula.

(2) The Plumulce.

At the beginning of the Jurassic Age the coat of birds may
have consisted only of protoptiles and preplumulae ; but in

many recent birds the plumula? form a very important part of

the nestling plumage. From PI. Y. fig. 17 it may be inferred

that during the fifth week the plumulaj form an inner coat as

effective in preventing a loss of heat as the woolly under coat of

wild sheep.
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Like plumose or metaptile feathers, the plumnlce vaiy in size,

colour, aud structure, but they, as a rule, consist of a calamus,
a shaft, and an aftershaft. The calanjus, especially well developed
in tlie Eider Duck, is barrel-shaped and contains relatively large

cones. As it leaves the skin it divides into two portions, an
outer which forms the short rhachis of the shaft, and an inner
which forms the still shorter rhachis of theaftershaft(Pl. V.fig. 18).

The shaft consists of a dozen or more pairs of very long slender
barbs from which spring numerous slender barbules, the proximal
portions of which are charactei'ized by pyramidal swellings,

while the distal portions like the preplnmulse have nodular
swellings. The aftershaft (PI. V. fig. 18) is always well developed,

and like the shaft is largely made up of long bai'bules having the

characteristic pyramidal swellings. When a pknnula is shed the
tip of the sheath of the growing new plumula is often found
attached to the calamus. Evidence of this we have in PI. Y.
fig. 19.

(3) Prefiloplitmce and Filoplumce.

Nitzscli, in his account of filoplumae, says they are strikingly

distinguished from the other three kinds of feathers (contour,

down, arid semiplume feathers) by their peculiar position, their

extraordinary slenderness, and by the entire deficiency or very
small size of their vane ; but he states subsequently that he
believes the narrow white down}'' feathers of the Cormorant must
be regarded as filoplumes, even though they are furnished with
perfect vanes. Nitzsch further mentions that filoiDlumes are
" associated with the contour feathers, one or even two filoplumes

standing quite close to every contour feather of the head, neck,

and trunk, apparently issuing almost out of the same pouch of

the skin." Filoplumes a.re usually regarded as degenerate

feathers because during development they have barbs arranged
after the fashion of a down (plumula) feather.

In the Mallard daring development there are usually two or

more minute filaments at each side of the filaments containing

the wing-quill protoptiles. These minute filaments contain

prefiloplumse. In text-fig. 10 the two short filaments (P. 2)

lying in contact with the large protoptile filament are prefilo-

plume filaments.

In the newly-hatched duckling the minute prefilopluma) and
the large wing-quill protoptiles escape simultaneously from their

sheaths—being barely visible to the naked eye, the prefiloplumaj

have apparently hitherto escaped the notice of oi'uithologists.

In course of time, as the protoptiles are pushed from the skin by
mesoptiles, the prefiloplumfe are pushed from the skin by
filoplumse. The wing-quill protoptile of a thii-ty-eight days'

duckling represented in PI. II. fig. 8 is attached to a developing

mesoptile. At the base of the mesoptile are three young filo-

plumes, two of which support prefiloplumes—a young filoplume

with a prefiloplume attached to its tip is also seen in PI. Y. tig. 17.

42*
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Notwithstanding their small size, the prefiloplumee have the

structure of prepennae. They are hence not dwarfed pre-

plumuljB, as their name suggests, but dwarfed protoptiles. It is

important to note that, though several developing filoplumae may

be intimately related to a protoptile, they are not imbedded in

its sheath ; each projects from a separate pit in the skin. At

the end of the seventh week, when the filoplumes have reached a

len<i-th of about 20 mm., they are still found in contact Avith the

developing true feather. A filoplume from a forty-eight days'

duckling, still carrying the minute prefiloplume on its tip, is

represented in PI. V. fig. 20. At this stage the filoplume still con-

sists of a calamus, a shaft and an aftershaft ; but as the duckling

increases in size the filoplumae in connection with the wing-quills

degenerate. Each loses its prefiloplume, its aftershaft, and most

of the barbs of its shaft, with the result that, as a rule, only the

rhachis of the shaft and two or three vestigial terminal barbs are

left. .

That the filoplumes are degenerate pennte is supported by a

study of the foot-feathers of the Barn Owl {StrLvflammea) . In

a newly-hatched Barn Owl one large and two small filaments are

seen projecting from under the foot-scales. Soon a well de-

veloped protoptile escapes from the large mesial filament and

a minute protoptile from each of the two small filaments. In

course of time a simple plumose feather (metaptile), with a large

aftershaft, but with a rhachis which suggests a filoplume, succeeds

the laro'e protoptile, and typical hair-like filoplumes succeed the

small protoptiles.

If further proof were needed in support of the view that

filoplumes are degenerate pennee, it is obtained by the examina-

tion of the white neck feathers which form part of the nuptial

plumage of Cormorants, i. e., the feathers ISTitzsch assumed were

tiloplumes. Instead of regarding the narrow neck feathers of

Cormorants as filoplumes, it would be better to regard them as

true feathers (metaptiles) which have undergone degeneration.

It may be added that, notwithstanding the small size of the

prefiloplumfe, a microscopic examination clearly proves that they

are more intimately related to protoptiles than to preplumulee.

Seeing that the filoplumes are degenerate pennse, it might be

better if the name filopenna were substituted for filopluma.

II. The Composition of Feathers.

The feathers forming the coat of the adult Emu consist of a

calamus and two blades, an outer, the shaft, and an inner,

o-enerally known as the aftershaft; the wing- and tail-quills of

ducks consist of a calamus and a well-developed shaft, but there

is only a minute vestige of an aftershaft. Hitherto it has been

taken for "•ranted that a feather with only a vestige of an after-

shaft is more primitive than a feather with an aftershaft as long

and as complex as the shaft, that, in fact, the aftershaft is not a
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primitiv'e but a secondarily acquired feature. The chief reasons

given for regarding the aftei^shaft as an accessory and secondarily

acquired structure are: (1) that the aftershaft is developed from

a forwai'd elongation of the calamus, and (2) that the tip of the

aftershaft of the new feather is never attached to the calamus of

the feather about to be shed—that, for example, in the Emu the

tip of the aftershaft of the feather of the second generation is

from first to last free.

If I succeed in showing that the aftershaft, like the shaft,

grows from apex to base and is completed before the calamus is

formed and that, during development, the tip of the aftershaft

is connected with the calamus of the feather about to be shed

—

is, in other words, for a time attached to the old feather—it

may be safely assuxaed that the aftershaft is a primitive feature,

and that a complete true feather (penna) like a down feather

(plumula) consists of two shafts or blades.

Owen evidently assumed that a true feather was made up of a

calamus and a single shaft, for he states that " besides the parts

which constitute the perfect feather there is an appendage

attached to the upper umbilicus called the accessory plume " (4).

According to Nitzsch, the aftershaft " originates from the under-

side of the umbiliciform pit" (5). Gadow, in discussing the

aftershaft, states that when present it is developed as "a ventral

elongation of the calamus," and points out that if we consider the

various types of nestling feathers " with reference to the presence

or absence of an aftershaft in the Teleoptiles, we ai-e led to

conclude that this appendage and consequently also the double

feathers of certain Ratitfe are secondarily acquired not primitive

features " (6).

That the aftershaft is a primaiy feature was suggested in 1903

by Degen in a paper on Ecdysis. In the chapter on " Adven-
titious Plumage," Degen writes: " I may mention here that

owing to the yet more primitive conditions of the feathers of the

trunk in some Ratitae, the extreme tips of the aftershafts, which

in the Cassowary and the Emu attain a length equal to that of

their main shafts, jointly support the new-grototh feather with

the latter "
(7). But Degen, following Gadow, seems to adopt

the view that the calamus is concerned with the formation of the

aftershaft, for he assumes that while the one half of the calamus
" deposits substantia rhachidis externa for the main shaft, the

other half deposits" the same substance required in the building

up of the other shaft ! Obviously the best way to throw light on

the status of the aftershaft is to study its development.

1. The Development of the Aftershaft of Plumuloi.—In the

Mallard a preplumula consists of a small conical calamus, a shaft

usually made up of four barbs, two of which coalesce to form a

short rhachis, and of an aftershaft also made up of four barbs.

Soon after hatching the preplumulse are pushed from the skin by

plumulas. Some of the plumulse at the end of the fifth week,

though still bearing preplumulse on their tips, are 15 mm. in
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lengtli and consist of two distinct bundles of barbs—a large outer

bundle in a line with the shaft of the preplumula and a smaller

bundle in a line with the afterslmft.

In the plumula from a five weeks' duckling represented in

PI. YI. fig. 21, the outer bundle already consists of a rhachis and
eight pairs of barbs, but the inner or aftershaft bundle only

consists of five pairs of barbs. By the end of the sixth week the

development of both the shaft and aftershaft is complete, and
the unsplit portion of the epidei'mic tube is giving rise to a

calamus. In the completed plumula (PI. Y. fig. 18) the shaft

consists of a rhachis and over twenty pairs of bai'bs ; and the

aftershaft of a rhachis with about a dozen pairs of barbs.

From PI. VI. fig. 21 it is evident that the aftershaft of a

plumula in its development and structure agrees with the shaft

;

as it is developed before the calamus it cannot be regarded

as a secondarily acquired appendage produced from a forward

elongation of the calamus.

2. 27ie Develojmient of the Aftershaft of Emu Feathers.—It

has hitherto been often assumed that in the Emvi the proto-

ptile has " no distinct aftershaft." That there is an aftershaft in

the first, as well as in the second and third Emu feathers, is indi-

cated by the diagram, text-fig. 11. In the young Emus I have
examined the protoptile aftershaft has, with rare exceptions,

consisted of seven or more barbs longer than, or at least as long

as, the barbs of the shaft. In the Emu protoptile given in

PL YI. fig. 22, the aftershaft has a short rhachis. It is especially

noteworthy that in the Emu the rhachis of the protoptile shaft,

instead of ending in a hollow calamus containing "cones," is

connected with the relatively thick rhachis of the shaft of the

feather of the second generation by a solid band (PI. YI. fig. 23).

In a like manner the rhachis of the protoptile aftershaft is

connected with the aftershaft rhachis of the second feather.

When, as sometimes happens, the connecting bands occupying

the position of a calamus separate from each other (PI. YI. fig. 23),

it becomes obvious that the tip of the aftershaft of the second

feather is not free as generally assumed, but from the outset

continuous with the protoptile aftershaft.

Though as in plumulse the rhachis of the aftershaft is formed
by the fusion of two barbs, the distal poi^tion of the rhachis of the

shaft is simply a continuation of the band proceeding backwards
from the protoptile shaft. That the aftershaft of the feathers of

the second generation is not " developed as a ventral elongation

of the calamus," but develops from apex to base like the shaft,

is made clear by Pis. YI. and YII. figs. 23, 24, & 25, which show
the second feather at various stages of growth.

As the destined length of the second-generation feather is

reached the rhachis of the shaft expands, gives off six or more
pairs of relatively long barbs, and thereafter becomes continuous

with the rhachis of the shaft of the feather of the third generation

<'P1. YII. fig. 26). In a like manner the proximal end of the
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rhacliis of the aftershaft, after giving oft' several pairs of barbs

but without appreciably increasing in width, becomes continuous

with the rhachis of the aftei'shaft of the feather of the third

generation (PI. YII. fig. 26). When (as was the case in the

specimen represented in PI. VII. fig. 27) the two connecting bands

naturally separate from each other, it is impossible to escape

Text-fiafure 1 1.

In tliis diagram the structure and relations of the feathers forming the first three

generations in the Emu are indicated, sh. 1, shaft, and af. 1, aftershaft of pro-

toptile. s7i. 2, shaft, and af. 2, aftershaft of a feather of the second generation.

sh. 3, shaft, and af. 3, aftershaft of a feather of the third generation. The

aftershaft of the protoptile is from the outset free, but the tip of the aftershaft

of the feather of the second generation is, to start with, continuous with the

protoptile aftershaft, and the aftershaft of the feather of the third generation is

also for a time continuous with the aftershaft of the second generation feather

—

according to Gadow the tip of the aftershaft of the second generation feather is

a forward prolongation from the calamus which is never during development

connected by its tip with the " calamus " of the protoptile or first generation

feather.

from the conclusion that, just as the aftershaft of the second

feather of the Emu is connected at the outset with the proto-

ptile, the aftershaft of the feather of the third generation is

connected with the feather of the second generation.

The feathers represented in PI. YII. figs. 26 &, 27 (from a seven
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months' Emu bred in the Gardens of the Zoological Society of

London) pi-ov^e conclusively that in the Emu the aftershaft in

origin and structure agrees with the shaft, while the feathers

represented in PI. VII. figs. 24 & 25 (from a much younger Emu
in the Museum of the Philosophical and Literary Institute, Leeds)

as clearly indicate that as the aftershaft is developed before the

calamus it cannot be an outgrowth from the calamus. The first

three generations of the feathers of an Emu are diagrammatically
represented in text-fig. IL

Before dealing with the aftershaft in the Carinatse, attention

may be directed to the remai'kable Emu feather of the second

generation represented in PI. VIII. fig. 28. In this growing feather

the aftershaft, instead of resembling the shaft, simply consists of

two barbs bearing barbules. An Emu feather with an aftershaft

represented by two simple barbs is interesting, because in ti'ue

feathers near the oil-gland of ducks two long barbs sometimes
occupy the position of an aftershaft. That the two long barbs in

this Emu feather represent a phase in the degeneration of the

aftershaft is suggested by PI. YIII. fig. 29, a developing true

feather with the protoptile intact from the rump of an eighteen

days' Mallard duckling. Connected with the protojDtile calamus

are two bundles of barbs—a large bundle with a distinct rhachis

which is obviously a developing shaft and a smaller bundle repre-

senting an aftershaft. The smaller or aftershaft bundle is con-

nected to the inner aspect of the protoptile calamus, as in the

Emu feather, by two long barbs. In course of time the large

bundle in PI. YIII. fig. 29 would have developed into a shaft like

the one represented in PI. I. fig. 1, and the small bundle into

an aftershaft with a short rhachis. Possibly long barbs which
represent an aftei'shaft will be met with in the feathei-s of other

Ratitas.

The two long barbs in the Emu feather in PI. VIII. fig. 28
support the view that the coat of the adult Emu consists of true

feathers and not, as Pycraft suggested, of mesoptiles.

3. The Development of the Aftershaft of the True Feathers of
Fengmns.—In the Ringed Penguin the protoptiles though um-
belhform may be said to consist of two sets of barbs—an outer

representing a shaft and an inner occupying the position of an
aftershaft. Though in ducks and geese there is a well-developed

protoptile calamus containing " cones," in penguins as in the

Emu a true pi'otoptile calamus is never developed. Soon after

the protoptile escapes from its sheath the part of the epidermic

tube ]-epresenting a calamus splits into slender cords, which
connect the barbs of the protoptile with barbs of the developing

mesoptile. The mesoptile consists of a shaft made up of seven or

more simple barbs which end in the tip of the true feather, and
of a complex aftershaft connected with the aftershaft of the true

feather. In text-figs. 3 & 4 the mesoptile aftershaft is con-

nected to the aftershaft of the true feather by a narrow band
formed by the fusion of the distal portions of the barbs of the
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aftershaft of the true feather. Pycraft considered the "ribbon-
shaped stem" connecting the mesoptile to the aftershaft of the
true feathers as somewhat remarkable, because " in all other

instances yet known the nestling-down when attached to contour
feathers is attached to the rami (barbs) of the main shaft " (9).

When it is realised that in Penguins the mesoptile may have a

well-developed aftershaft the connection of the mesoptile with
the aftershaft of the true feathers ceases te be remarkable.
Though in the Ringed Penguin the mesoptile aftershaft is de-'

cidedly larger and more complex than the shaft, it is developed at

the same time as the shaft, and is directly continuous with the

aftershaft of the true feathers. That in Penguins the aftershaft

of the true feathers has the same origin as the shaft is made
abundantly evident when the development of the feathers of the

fourth generation is studied. In PI. VIII. figs. 30 & 31 we have
feathers from a moulting King Penguin in the Scottish Zoological

Park. From fig. 30 it is evident the new feather has from the

first been double, consisted of outer barbs representing a shaft and
of inner barbs in the position of an aftershaft. Had the develop-

ment proceeded the tip of the aftershaft would have been set

free when the old feather was shed. In fig. 31, the shaft having
been removed, the aftershaft is seen emerging from the tip of the

sheath which invested the growing feather. These figures show
that in Penguins the aftershaft of a feather of the fourth genera-

tion is for a time as complete as in the Emu. The aftershaft of
_

the mesoptile and of the first true feather of a Ringed Penguin
are diagrammatically represented in text-figs. 3 & 4.

4. The Development of the Aftershaft in the Ptarmigan, the

Comnnon Fowl, and the Guillemot.—As already mentioned, it

has been suggested that in Grouse, Fowls, and other Galli the

feathers forming the first nestling coat may correspond to the

mesoptiles forming the second nestling coat of Penguins.
Against this view it may be pointed out (1) that unlike the

mesoptiles, but like the protoptiles of Penguins and Ducks, the

first nestling feathers of the Galli are developed in filaments; (2)

that in structure they are intermediate between the pi'otoptiles of

Penguins and Ducks ; and (3) that they are sometimes succeeded

by vestiges of mesoptiles. Degen mentions that in Grouse the

aftershaft may be two-thii'ds the length of the shaft but, as

PL IX. fig, 32 shows, the aftershaft in Grouse may be as long and
as complex as the shaft—the only difierence in the feather

figured apart from its width is that, as in the Emu, the

rhachis of the aftershaft is slightly shorter than the rhachis

of the shaft. In the Ptarmigan the protoptile often con-

sists of fifteen barbs, eight representing a shaft with a short

rhachis, and seven forming an aftershaft also with a short

rhachis. From the protoptile calamus there proceed about

twenty barbs, which in some cases readily separate into three

distinct bundles^—a large one destined to form the tip of the shaft,

and two small ones which later unite to form the tip of the
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aftershaft. In some metaptiles the rhachis of the shaft extends

to the tip of the feather, in others it ends in two slender barbs

some distance from the tip. Though at the outset in Grouse
both the shaft and the aftershaft of the true feather may consist

of several moi-e or less distinct bundles, sooner or later the outer

barbs give rise to the shaft, while the inner form an aftershaft.

When the destined number of barbs for the shaft and aftershaft

have been produced the splitting of the epidermic tube is

arrested, and steps are taken to form a calamus in which
"cones" make their appearance. Evidently in Grouse, as in

Penguins, the aftershaft is not a forward elongation of the

calamus. An interesting stage in the development of a

Ptarmigan true feather is given in PI. IX. fig. 33.

It has been asserted once and again that " in the great

feathers which form the ' quill ' or ' flight ' feathers (remiges)

of the wing and the tail-quills (rectrices) the aftershaft is in-

variably wanting" *. Assuming that in the case of the wing-

quills the aftershaft is invariably absent, it might be argued, that

these all-important feathers diifered in their origin and history

from the other true feathers, that while the trunk feathers may
possibly have developed from a.n epidermic tube, the wing- and
tail-quills were formed by the splitting of elongated scales.

Attention has already been directed to the fact that in the Mallard

during the earlier stages in the development of the wing- and tail-

quills, there is a vestige of the distal portion of an aftershaft (text-

tigs. 5 & 7). That in wing- and' tail-quills there may also be a

vestige of the proximal portion of an aftershaft is made evident

by PI. IX. fig. 34, which represents the aftershaft of a wing-quill

from a full-grown Grouse.

Fowls are not supposed to have the aftershaft as well developed

as Grouse, nevertheless, as PI. IX. fig. 35 shows, the aftershaft in

the silky breed may be as long as the shaft. In its development
the aftershaft in the silkj^ breed follows the same coui\se as in

Ptarmigan.
In the Guillemot the aftershaft is, to start with, sometimes as

long as the shaft. A Guillemot feather from the side of the

trunk is represented in PL X. figs. 36 and 37. In this case the

protoptile consists of seventeen bai-bs. Of the seventeen barbs

nine end in the tip of the shaft of the true feather, four end in

barbs of the shaft which join the rhachis a considerable distance

from the tip, and four, which represent the protoptile aftershaft,

are connected with the aftershaft of the true feather (PI. X.
fig. 37).

Evidently the history of the aftershaft in Grouse, Fowls, and
Guillemots affords no support to the view that the aftershaft is a

secondarily acquired appendage, and may be said to fully estab-

lish the view that a complete true feather like a plumula coiisists

of a calamus and two shafts.

* Pycraft, ' A Historj- of Birds,' p. 9.
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III. Origin and History of Feathers.

It seems to be generally assumed by iiatvu-alists and others

interested in birds that feathers are modified scales, and were

originally acquired to enable birds to fly- When evidence of the

scale origin of feathers is asked for, the reply usually is, " If

you accept the view that birds were evolved from Reptile-like

ancestors you may safely also accept the view that feathers are

specialized scales." Having adopted the view that feathers are

modified scales, investigators interested in the coat of birds

proceeded to inquire if each feather corresponds to an entire

scale or to part of a scale. Wiedersheim favoured the view that

each feather represents a complete scale, but Bornstein (13) and

others came to the conclusion that a feather papilla only repre-

sents a fragment of a scale.

How scales were transformed into feathers has been indicated

by various writers. Baron Frances Nopcsa, in a paper " On the

Origin of Flight," states that we may quite well suppose " birds

originated from bipedal long-tailed cursorial reptiles Avhich

during running oared along in the air by flapping their free

anterior extremities," and added that the double running and

flapping action would subsequentlj'- easily lead to an enlaxgement

of the posterior marginal scales of the antebrachium, and even-

tually to their development into actual feathers (10). Lull,

another believer in the transmission of acquired somatic charac-

ters, points out that the anterior extremities of birds when in the

making would be more eflTective if their breadth was increased,

and that an increase of the size of the scales along the arm margin

would be a ready means to this end. Lull then proceeds to say

the "scales would extend, lighten, and ultimately evolve into

feathers which would not only subserve the function of flight,

but acting as clothing retain and aid in the increase of tempera-

ture" (11). (Similar views are held by W. K. Gregory, who tells

us the Pro-Aves jumped lightly from branch to branch and
finally from tree to tree partly sustained by the long scale-like

feathers of the pectoral and pelvic wings.

The view that feathers are modified scales has long been held

by Pycraft. In a work published in 1910 Pycraft points out

tliat, to start with, the body clothing of birds probably consisted

of relatively large scales, " those covering the hinder border of

the incipient wing growing longer would still retain their original

overlapping ai-rangement and along its hinder border would in

their arrangement, appearance, and function simulate the quills

of modern birds; as their length increased they became also

fimbriated and more and more efficient in the work of carrying

the body through space."

It is now evident that the wing-quills of birds are preceded by

nestling feathers, and may be regarded as modified protoptiles

:

hence the question at issue is, Are the protoptiles modified scales?
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It is inconceivable that the smidl protoptile forerunners of the

wing-quills of Ducks were evolved from enlarged scales, which as

they increased in length became fimbriated. The more the

history of feathers is studied the more untenable becomes the
belief in their origin from scales. When special attention is

directed to the phases through which feathers pass during their

development, it becomes evident that in an attempt to trace their

origin we are not concerned with the wing-quills or other contour
feathers, but with the feather papillee, and still more with the

filaments, in which the nestling feathers are developed. It is

conceivable that by the appearance of new and dominant factors

in the germ-plasm, scale papillse, instead of developing into scales,

developed into feather filaments, but it is difficult to imagine
how scales by growing longer and splitting were transformed into

double-shafted nestling feathers. There is little chance of the

geological record ever throwing any light on the origin of either

feather papillae or feather filaments, hence we must make the

most of the embryological record. Thus far the embryological

record has afibrded no support to the view that scales in whole or

in part were concerned in the making of feathers.

When birds first acquired feather filaments it is impossible to

say, but we may assume that when the remote ancestors of birds

and mammals became warm-blooded any outgrowths from the

skin which prevented a loss of heat would from the first count in

the struggle for existence.

A hint as to the nature of the coat in the progenitors of

mammals we have from Armadillos, and an indication of the kind
of coat worn by the Pro-Aves is obtained by studying the deve-

lopment of nestling feathers, more especially of the pi-otoptiles of

feather-footed birds, The Six-banded Armadillo has an extensive

scaly covering, but only a sparse coat of hair ; birds, with few
exceptions, have during development a more or less complete

coat of filaments*, and pi'obably in Owls the foot-feathers still

bear the same relation to scales as in the primeval birds. In the

developing Armadillo a stage is eventually reached when haii'S

are seen projecting from under the developing scales or from the

skin between the scales. The number of hairs developed in con-

nection with scales varies. There are often groups of three hairs

projecting from under the tail scales of mammals ; in the Six-

banded Armadillo there are often three or four hairs to a scale,

but sometimes only one; in the small Argentine Armadillo Ghlmny-
dojjJwrus, as text-fig. 12 shows, fifteen hairs may be developed in

connection with one foot-scale.

In Armadillos and other mammals having scales as well as

hairs there is no evidence that the hairs are ever developed from
scales.

* All the birds I have examined, with the exception of the House Sparrow, had a

more or less complete coat of protoptiles—in the Rook a nestling coat is said to be

absent, but even in Rooks there are a few well-developed nestling feathers.
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That in ancient birds feathers were intimately associated with
scales is suggested by the feather papillae having approximately
the same arrangement as the scales of reptiles, by feathers

emerging from under scales above the tarsal joints of the Wood-
cock, and by chicks and ducklings having vestiges of scales in

connection with the feather filaments of the legs. In the case of

Grouse and other birds >vith only one feather emerging from
under a foot-scale, we are tempted to assume that each foot-

feather is developed fi-om part of the scale it is associated with.
But when we find three feathers projecting from under the foot-

scales of the Barn Owl (Strix flammea) and seven or more
feather filaments occupying an area equivalent to a foot-scale, we

Text-fia'ure 12.

Scale from the foot of the small Argentine Armadillo {Chlamydopliorus) from under
which pi-oceed a number of hairs developed from the skin underlying the scale.

The three filaments proceeding from under the foot-scales of Barn Owl embryos
like the hairs associated with the scales of mammals are developed from the

skin under the scales and not by a splitting of the scales or from fragments of

the scales.

are less inclined to admit that each of the foot feathers of Grouse
corresponds to part of a scale. When the developi^ent of the
foot feathers of the Barn Owl is studied, one large and two small
filaments are found projecting from many of the scales ; the large
filament contains a protoptile, and each small filament contains a
prefilopluma. Similar groups of filaments which occur above the
tarsal joint are overlapped by scale vestiges, but in the three
feather groups on the head scales are conspicuous by their
absence. The well-developed scales in connection with the foot-

feathers and the vestiges of scales in connection with feathers
above the tarsal joints support the view that birds, to start with,
had a complete scaly covering and a sparse coat of feather filaments.
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As in feather-footed birds the feather papillae are from the first as

distinct from the scale papillae as the hair rudiments are distinct

from scales, there seems no escape from the conclusion that the

foot feathers are not modified scales. Further, when it is realized

that the foot feathers often belong to a simple primitive type,

have the aftershaft as long as the shaft, and that in many birds

there are seven or more feathers occupying the position of an

ancestral scale, we are justified in assuming that feathers, like

hairs were originally intimately related to, but not derived from,

scales.

As a matter of fact, believers in the scale origin of feathers

admit that the foot feathers of recent birds are not derived from

the scales from under which they project. Just as it has been

assumed that the aftershaft in Emu feathers is a secondarily-

acquired structure, it is assumed the scales on the feet of birds

are secondary structures. That the scales overlapping the feathers

of modern bii'ds were secondarily acquired and that the foot-

feathers were formed from the original foot-scales, are gratuitous

assumptions wholly unsupported by facts.

How or when feather filaments made their appearance it is

impossible to say, but we may safely assume that many centuries

elapsed before there was evolved in each filament a more or less

complex feather ; needless to say that unless a filament in which

a feather was evolving was of more use than a simple filament,

natural selection took no part in providing birds with their

original coat of what are now familiarly known as nestling

feathers. On the other hand, when one bears in mind that blood-

vessels extend right to the tip of a feather filament, and not merely

a short distance into its root as in a hair, it is probable that early

specialization of the filaments was well-nigh inevitable. Given a

constant flow of blood through the axis (pulp) of the filament, an

inner epidermic layer capable of rapidly adding new cells to the

middle layer, an outer epidermic layer forming a protecting

sheath and, in addition, an ever increasing demand for a coat

capable of arresting the flow of heat from the skin, changes were

almost bound to take place in the bristle- like outgrowths pro-

jecting from under or between the scales of the remote ancestors

of birds.

Judging by what takes place to-day during the development of

the simple protoptiles of pigeons, the first step in the making of a

feather probably consisted in the splitting of the middle epidermic

layer to form hair-like barbs. The result of this splitting of the

hollow cone formed from the middle epidermic layer of a pigeon

filament is represented in text-fig. 13. The appearance of a

completed pigeon pi-otoptile after escaping from its protecting

sheath is represented in PI. X. fig. 38.

The protoptiles of Penguins represent a second stage in the

evolution of true feathers (text-fig. 3). Like the pigeon protoptiles

all the barbs are alike (form a tassel or umbel), but by sprouting

they have acquired barbules.
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A series of links connect the relatively simple umbelliform
protoptiles of Pengnins with the highly-specialized protoptiles of

Dncks and Emus. There are good reasons for believing that the

warm-blooded progenitors of birds and mammals were evolved

out of reptile-like ancestors during a period when desert con-

ditions prevailed. How long this period lasted, and to what extent

feathers had been specialized when it came to an end it is impos-

sible to say, but judging by what happens during the development
of the wing-quills of the Mallard, it may be assumed the period of

aridity came to an end, and a glacial period had fairly set in long

befoi-e wing-quills and other true feathers were evolved. In
other words, before protoptiles had been modified to form meta-
ptiles and teleoptiles, progress in the evolution of true feathers was

Text-figure 13.

Section througli the filament of a Pigeon in which the middle epidermic layer has

been split longitudinally to form barbs, s., the thin sheath which disintegrates

immediately after hatching, h., one of the eight barbs formed by the splitting

of the hollow cone formed by the middle epidermic layer, p., the pulp con-

taining blood vessels, i. e., the dermis or true skin which extends during

development to the tip of the protoptile. After Davies.

arrested owing to the necessity of providing birds with a fur-

like coat as capable of arresting the flow of heat from the skin as

the dense coat now worn by Polar Bears and other Arctic
mammals.
The discovery by Dr. Eagle Clarke and Mr. Pyeraft of a

mesoptile coat in penguins has profoundly modified our views
about the plumage of birds. We do not yet know if the remote
ancestors of all our modern birds acquired a mesoptile coat —
probably in the case of the ancestors of the Ratitae this was
unnecessary—but the more the nestling feathei's are studied tlie

evidence of the existence of two coats of prepenn?e in the ancestors

of modern birds is increased. The fur-like mesoptile coat is

probably as well developed to-day in penguins as it was in their

remote ancestors of the Jui-assic Age ; relatively large mesoptiles

still occiir in ducks and geese, and I have found recently distinct

vestiges of a mesoptile coat in pigeons. How long birds, or most
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of them, in order to survive required a fur-like coat throughout

life we have no means of knowing ; but this much is certain, that

in most recent species of birds the mesoptile coat is in the act of

being suppressed, or has already disappeared—even in the King
Penguin chicks it is probably never worn in the Antarctic for

more than 9 or 10 months. From what we know about the

mesoptile coat it seems to have been originally produced partly

by lengthening the protoptiles and partly by the development of

Text-figure 14.

pb.

mb.

A developing' mesoptile of an Adelie Penguin. In penguins the inesoptiles consist;

as a rule, of numerous barbs which in some areas may reach a length of over

three inches. A true protoptile calamus containing " cones " though present

in ducks is seldom met with in other birds. As the protoptile is pushed from

the skin the inner ends of the protoptile barbs, destitute of barbules, separate

from each other and are subsequently seen to be continuous with mesoptile

barbs, mb., one of the nu.merous barbs of the developing mesoptile. pb., one

of the nine protoptile barbs, each of which is connected with a mesoptile barb.

b., one of the nine slender cords which together for a time playeu the part of a

protoptile calamus.

new barbs. This is suggested by text-fig. 14, which represents a

developing mesoptile feather from the breast of an Adelie

Penguin. The nine barbs forming the protoptile are directly

continuous with nine mesoptile barbs ; the rest of the mesoptile

consists of barbs having no connection with the protoptile. As
Pycraft points out, the second coat of* the Adelie Penguin is "a
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long, dense wooll}' covering, so dense that it is difficult to expose

the skin." In course of time the protoptile coat is shed and the

mesoptile coat is pushed from the skin by the tr\ie feathers.

The long fur-like mesoptile coat of the King Penguin suggests

that during the Ice Age, which succeeded the period of desic-

cation, the evolution of true feathers was ai-rested, and that the

mesoptiles cannot be regarded as representing a stage in the

evolution of true feathers. Though to the naked eye the meso-

ptile barbules seem to be identical with the barbules forming the

protoptiles, they are seen to differ when examined under the

microscope—instead of being nearly straight they are spirally

twisted at their origin. In the case of King Penguin chicks the

mesoptiles differ from the protoptiles more than in the Adelie

chicks, and, as already pointed out, the mesoptiles of the Ringed
Penguin decidedly differ from both the protoptiles and the

metaptiles. In all the three Penguins mentioned the first true

feathers differ from the prepennfe which precede them. Hence,
though the prepennse and all the true feathers which succeed

them must be regarded as links in a chain, it should be borne in

mind that the first link diffei'S both in function and structure

from the second, and the second from the third. Further, it

should be borne in mind that there are good reasons for believing

that, but for the advent of an Ice Age, the protoptiles at a

compai-atively early period would have been succeeded by true

feathers, and that probably long before Archfeopteryx made its

appearance on the scene some millions of years ago, steps would
have been taken in most birds to suppress the fur-like coat of

mesoptiles, now apparently only well developed in Penguins.
In conclusion, it may be stated that a study of the develop-

ment of birds suggests : (1) that their coat, to start with, consisted

of vai"ious kinds of simple filaments; (2) that in course of time
the hollow epidermic cone in each filament, in some incompre-
hensible way, was converted into a protoptile or preplumula :

(3) that the protoptiles in some cases soon acquired the chief

chai'acteristics of true feathers
; (4) that for a time progress was

arrested in order to provide birds (or most of them) with a fur-

like (mesoptile) coat, by way of giving them a chance of surviving
dviring the cold phases of an Ice Age : (5) that as the climate

improved the mesoptile coat was in many cases superseded by a

coat of true feathers ; and (6) that by the specialization of feathers

along the posterior margin of the hands and forearms and the sides

of the tail, birds of the Archseopteryx type were eventually evolved

capa.ble of flight, or at least of gliding easily from tree to tree.

Text-figures 1, 2, 8, 9, 12 are from drawings by Miss Augusta
Lamont, B.Sc, text-figures 3-7 and 10, 11, 13, 14 are from
drawings by the author, all the other figures are from photographs
by Mr. John Chisholm.

Towards defraying the cost of the drawings and photographs
a grant was obtained from the Moray Fund of the University of

Proc. Zool. Soc—1 92 1 . N"o. XLIII. 43
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Edinburgh and a grant has been voted from the Carnegie Trust

for the Universities of Scotland, towards the cost of publishing

this joaper.

In addition to material in the form of ducklings, goslings &c.,

bred at Craigybield, Penicuik, it ought to be mentioned that

valuable contributions for the study of nestling feathers were

provided by the Director of the Zoological Society of Scotland,

and that but for the Institution of the Scottish Zoological Park
I would not have been led to undertake research work on the

Structure and History of Feathers. Purther, it ought to be

mentioned that during the investigation I received valuable

material fi'om the Zoological Society of London, the Royal
Scottish Museum, and the Philosophical and Literary Institute

of Leeds, and that I am especially indebted for specimens that

proved most useful to Colonel Ashley, M.P., Miss Clerk of

Penicuik, William J. Gordon, Esq., of Windhouse, Yell,

Shetland, Professor Meakins, the TJnivei'sity of Edinbm^gh,

and Professor Philip J. White, the University of North Wales.
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EXPLANATION OF THE PLATES.

Pj:.A.TE T.

Pig. 1. Protoptile and metaptile from vicinity of preen gland of a 38 days'

Mallard. The mesoptile lias been suppressed. The long barbs proceeding

from the inner aspect of the protoptile calamus towards the calamus of

the metaptile are vestiges of a metaptile aftershaft. X 2.

2. Protoptile, mesoptile, and tip of a wing-quill of a 5 weeks' Indian llunner

duckling.

3. Protoptile, mesoptile, and tip of a wing-covert of a 6 weeks' Emden
gosling.

4. Tip of tail-quill of a young Ringed Penguin (n. s.).

•Plate II.

Pig. 5. Tail-quill and protoptile of a 5 weeks' Mallard duckling (n. s.).

6. A 10 days' Mallard embryo. The tail-quill papillae are well developed, but
there is little indication of the wing-quill papillae.

7. Wing of a 25 days' Mallard duckling showing the wing-quill protoptiles (n. .s.).

8. Wing-quill protoptile from a live weeks' Mallard duckling attached to tip

of developing mesoptile.
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Plate III.

Pig. 9. Filaments from a 13 clays' Mallard embiyo ; tlie long filaments contain

developing protoptiles, the small ones preplumulse or prefiloplumse.

X2.
10. Win^-quill protoptile artificially removed from a filament of a 26 days'

Mallard embryo.
11. Aftershaft of the protoptile of a duelling.

12. Wing of a 38 days' Mallard duckling showing mesoptiles between the pro-

toptiles and the developing primary and secondary wing-quills. Lying
between developing wing-quills (each still invested by a sheath) are wing-

coverts in which the mesoptile is vestigial.

Plate IV.

Pig. 13. Protoptile, mesoptile, and tip of wing-quill of a Chinese gosling. Though
the mesoptih^ seems to be umbelliform and to end in a calamus, it really

consists of a shaft and an aftershaft from wdiich slender threads proceed

to the tip of the true feather.

14. In this figure the proximal portion of the mesoptile is represented. It con-

sists of a narrow, perforated band representing the rhachis of the meso-

ptile shaft, of a broad perforated band representing the rhachis of the

aftershaft, and of numerous slender threads which connect these bands
with the shaft and the vestigial aftershaft of the true feather.

15. Nestling tail of a 7 days' Mallard ducldiug. The protoptiles at each side

of the middle line have beeh pushed from the skin by the developing

true tail-quills.

16. The "nestling tail" at the middle of the fifth week. It now consists of

growing true tail-quills as well as of protoptiles, usually with the ex'cep-

tion of the ninth from the middle line at each side the protoptiles are

directly continuous with the tail-quills—in other words, in the tail of the

Mallard duckling nearly all the mesoptiles have been completely

suppressed.

Plate V.

Fig. 17. Nestling feathers from the back of a 33 days' Mallard duckling. The large

protoptile has a distinct calamus containing "cones." To the left of

the calamus are : (1) a filoplume with a minute prefiloplume on its tip;

and (2) two plumula; each carrying a preplumula, to the right a plumula
with a preplumula on its tip. X 5.

18. A plumula from a young Aylesbury duck showing a large shaft consisting

of long, slender barbs springing from a relatively short rhachis and a

well-developed aftershaft with a short rhachis.

19. The calamus of a naturally shed plumula with part of the sheath of the

growing plumula attached.

20. A developing filoplume with a prefiloplume at its tip from a 7 weeks'

Aylesbury duckling. X 2'5.

Plate VI.

Fig. 21. Developing plumula from a 5 weeks' duckling. The aftershaft is developing
from apex to base in exactly the same way as the shaft. X 4.

22. A protoptile from a young Emu showing an aftershaft with a short

rhachis.

23. Emu feathers of the first (protoptile) and second generation. The protoptile

shaft is directly continuous with the shaft of the second feather, and the
protoptile aftershaft is continuous with the aftershaft of the second
feather.

Plate VII.

Pigs. 24 & 25. In 24 we have an early stage in the development of an Emu feather of
the second generation. In 25 the development of the second generation

feather has been nearly completed. In both cases the aftershaft is deve-

loped in the same way as the shaft—the tip of the aftershaft of the

second feather is continuous wnth the protoptile aftershaft and the tip of

the shaft is continuous with the protoptile shaft.
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Fig. 26. Emu feathers of the first, second, and third generations. The tip of the
aftershaft of the feather of the third generation is continuous with the
rhachis of the aftershaft of the feather of the second generation.

27. In this specimen the tip of the aftershaft of the second generation feather

had lost its connection with the protoptile, and the tip of the aftershaft

of the third generation feather had lost its connection with the " calamus
"

of the feather of the second generation.

Plate VIII.

Fig. 28, Emu protoptile and a developing feather of the second generation, the
aftershaft of which is repi'esented bj^ two barbs. X 5.

29. Developing feather from rump of 18 da.ys' Mallard duckling. This feather

consists of two portions, one, the larger, representing a shaft, and one
representing an aftershaft, connected lilje the Emu feather given in

tig. 28, to the protoptile by two barbs.

30. Breast feathers from an adult moulting King Penguin. The growing
feather consists of a shaft and an aftershaft connected by their tips with
the calamus of the feather about to be shed.

31. In this figure the shaft of the new feather has been removed to show the
connection between the developing aftershaft and the old feather.

Plate IX.

Fig. 32. Grouse feather with an aftershaft as long and as complex as the shaft.

33. A protoptile and a developing true feather from a young Ptarmigan. The
part of the developing feather with a distinct rhachis represents the
shaft, the part in which a rhachis has not yet appeared represents an
aftershaft.

34. Calamus and aftershaft of the wang-quill of a Grouse.

35. Feather of a fowl of the Silky breed with an aftershaft as long as the shaft.

Plate X.

Figs. 36 & 37. Feather from a nestling Black Guillemot. 36, represents the shaft,

and thirteen barbs of the protoptile. 37, the four remaining protoptile

barbs connected with the rhachis of the aftershaft which was detached
along with the calamus.

38. Protoptile of a Wood Pigeon connected to the tip of a true feather hy a
vestige of a raesoptile. The pulp projects from the tip of the teleoptile.

Note that the barbs resemble hairs, have no barbules.
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EXHIBITIONS AND NOTICES.

May 10th, 1921.

Dr. A. Smith Woodward, LL.D., F.R.S., Yice-Piesident,

in the Chair.

Sir S. F. Harmer, K.B.E., F.R.S., exhibited a naounted spe-

cinaen of a young female Rhinoceros sondaicus, the one-horned
" Javan Rhinoceros," presented by T. R. Hubback, who shot it in

Lower Tenasserim, to the British Museum (Natural History).

Attention was called to the absence of a horn in the female, a
character which Mr. Hubback believes to be normal. A young
male of this species, from Java, was formerly exhibited in the
Society's Grardens, and was described by Dr. P. L. Sclater, F.R.S.

(P. Z. S. 1874, p. 182 ; Trans. Z. S. ix. p. 649). Although osteo-

logical material is to be found in various Museums, there appear
to be extremely few mounted specimens in existence. The Javan
Rhinoceros, which formerly ranged from Assam to Lower Bengal,

the Malay Peninsula, and Java, has become increasingly rare

during recent years, and it is in urgent need of protection. Its

occurrence in Sumatra and Borneo has been questioned, but
reference was made to the statements of W. Volz (' Nord-
Sumatra,' vol. ii. p. 372, Berlin, 1912), as proving its occurrence,

in limited numbers, in North Sumatrtx.

Mr. Thos, Gerrard, F.Z.S., exhibited, and made remarks
upon, a series of photographs of the skeleton of an old male Kivu
Gorilla {Qorilla gorilla heringeri Matschie), the property of Lord
Rothschild, and also a series of photographs showing the milk-
dentition in the skull of a young African Elephant.

On behalf of Lord Rothschild, Mr. Gerrard exhibited a speci-

men of a male Kivu Gorilla {Gorilla gorilla heringeri Matschie)
mounted by Messrs. Rowland Ward, and stated that it differed

from the other races of Gorilla externally by its long, thick

pelage, intense black colouring, and the large fleshy protuber-

ance on the top of the head, which often measured 6 inches by
6 inches {i. e. width and height). The skull was much wider at

the occiput even than in O. gorilla matschiei Rothschild. The
specimen was a very aged male, long past the age of repro-

duction, and was found solitary, several miles from the two herds
inhabiting the region. The specimen was of great pathological
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interest, as it was the first instance known of pyorrhoea alveolaris

in a Gorilla, Habitat Mikeno Yolcano, Kivu District.

Mr. D. Seth-Smith, F.Z.S., exhibited a series of skins and
photographs of some polyandrous Birds, and described their

mating habits.

Dr. Ohas. F. Sonntag, F.Z.S., exhibited and made remarks
upon, some abnormalities in the Carnivora,

Mr, L. T, HoGBEN, F.Z.S., and Mr, E. A. Spaul exhibited,

and made remarks upon, the eifect of Pineal Gland administra-

tion on the pigment-cells of Frog Tadpoles.

May 24tb, 1921.

Prof. E. W. MaoBride, D.Sc, F,R.S., Vice-President,

in the Chair.

The Secretary read the following Report on the Additions

to the Society's Menagerie during the month of April ;

—

The registered additions to the Society's Menagerie during

the month of April were 198 in number. Of these 81 were
acquired by presentation, 27 were deposited, 84 were purchased,

and 6 were born in the Menagerie.
The following may be specially mentioned :

—

A pair of Lion Cubs (Felis leo), from Somaliland, presented by
Sir Geofirey Archer, K.O.M.G., on Api'il 21st.

2 Sloth-Bear Cubs {Melnrsus ursinus), from the Central Pro-

vinces of India, presented by Capt. R. C, Ansdell on April 5th.

2 King Vultures {Gypagus papa), from Tropical America,

purchased on April 6th,

2 Spot-billed Toucanets [Selenidera maculirostris), from Brazil,

purchased on April 28th.

A collection of Tropical Fish, including sevei'al species new to

the Collection, j)urchased on April 6th.

Miss L. E, Cheesman, F.E.S., exhibited, and made remarks

upon, a series of lantern-slides illustrating the habiis, in the

larval stage, of the Hydropsychidse (Snare-building Caddis

Worms).
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Major Stanley S. Flower, O.B.E., P.Z.S., exhibited examples
of three species of Egyptian Jerboas

—

Jacidus jaculus, Jactdus,

orientalis, and Scarturas ietradacii/hts, the latter being the first

living specimens ever brought to England ; and made remarks
upon the distribution of the thi-ee species in North Africa.

June 7th, 1921.

Prof. J. P. Hill, F.R.S., Vice-President,

in the Chair.

Major Stanley S. Flower, O.B.E., F.Z.S., exhibited, and made
remarks upon, some living specimens of Testudo leithii and ai"!

example of Testudo ihera.

Dr. P. Chalmers Mitchell, C.B.E., F.R.S., exhibited, and
made remarks upon, a, photograph of the Death-mask of a young
Gorilla, presented to the Society hj Prof. Howard Macgregor, of

Columbia University, New York.

Dr. Frank M. Chapman gave an account of the distribution of

Bird-life in the Urubamba Valley of Peru, and of his expedition

down the Urubamba river from its sources in the Puna zone, at

an elevation of 14,200 feet, to the Tropical zone at 3500 feet.

He reviewed the existing climatic conditions in Peru, and com-
mented on the faunal characteristics of the Puna, Temperate,
Subtropical, and Tropical zones encountered in the descent. A
comparison of the Avifauna of the forests of the humid Temperate
zone (alt. 10,000-12,500 ft.) with that of the adjoining treeless,

grass-gi'own plains and slopes of the Puna zone, showed that that

of the first-named area has evidently been derived from the

tropical forests at the eastern base of the Andes ; that of the

latter from the South Temperate zone plains of Argentina and
Patagonia. The environmental change experienced in passing

from the hot, tropical forests, at the foot of the mountains, to

the cold temperate forests near their summits, is much greater

than that existing between the plains of Patagonia and' those of

the Interandine tableland. This is obviously rsflected in the

degree of differentiation exhibited by the birds inhabiting these

elevated forests and plains. Thus 55 per cent, of the genera of

birds inhabiting the Temperate zone forests are endemic, while
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only 7 per cent, of the genera found on the plains of the Puna
are endemic. These facts are believed to indicate that the extent

of environmental change, expressed chiefly in climatic conditions,

is a more important evolutionary factor than those exerted by
time of isolation or extent of distance from the presumed ancestral

forms.

Prof. J. P. Hill, F.R.S., Y.P.Z.S., exhibited, and made remarks
upon, a series of lantern-slides of some Marsupial embryos,
dealing especially with the Koala {Phascolarctos) and the Wombat
(^Fhascolomys).
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May 10th, 1921.

Dr. A. Smith Woodward, LL.D., F.R.S., Vice-President,

in the Chair.

Sir S. F. Harmer, K.B.E., F.R.S., exhibited, and made re-

marks upon, a mounted specimen of Rhinoceros sondaicus.

Mr. Thos. Gerrard, F.Z.S., exhibited, and made remarks
upon, a series of photographs of the skeleton of an old male Kivu
Gorilla {Gorilla gorilla heringei^i Matschie), the jDroperty of Lord
Rothschild, and also a series of photographs showing the milk-

dentition in the skull of a young African Elephant.

On behalf of Lord Rothschild, Mr. Gerrard exhibited the

mounted specimen of the Kivu Gorilla (mounted by Messrs.

Rowland Ward), and stated that it difiered from the other races

of Gorilla externally by its long thick pelage, intense black

colouring, and large fleshy protuberance on the top of the head.

Mr. D. Seth-Smith, F.Z.S., exhibited a series of skins and
photographs of some polyandrous Birds, and described their

mating habits.

* This Abstract is published by the Society at its offices, Zoological Gardens,
Eegent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to allFellows who subscribe to the Publications ; but it may be obtained on the
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the sum of Six Shillings per annum, payable in advance.
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Dr. Chas. F. Sonntag, F.Z.S., exliibited, and made remarks

upon, some abnormalities in the Oarnivoi-a.

Mr. L. T. HoGBEK, F.Z.S., and Mr. E. A. Spaul, exhibited,

and made remarks upon, the effect of Pineal Gland administra-

tion on the pigment-cells of Frog Tadpoles.

Mr. R. I. PococK, F.R.S., F.Z.S., communicated his paper on
" The Auditory Bulla and other Cranial Characters in the Mus-

telidse (Martens, Badgers, etc.)."

In the absence of the Author, Mr. G. S. Thapar's paper " On
the Venous System of the Lizard, Varanus bengalensis Daud.,"

was taken as read.

The next Meeting of the Society for Scientific Business will be

held on Tuesday, May 24th, at 5.30 p.m., when the following-

communications will be made :

—

The Secretary.

Report on the Additioiis to the Society's Menagerie during

the month of April, 1921.

Chas. F. Sonntag, M.D., F.Z.S., Anatomist to the Society.

The Comparative Anatomy of the Tongues of the Mam-
malia.—lY. Families 3 and 4. Cebidse and Hapalidse.

R. Broom, F.R.S., C.M.Z.S.

On some new Genera and Species of Anomodont Reptiles

from the Karroo Beds of South Africa.

R. I. PooocK, F.R.S., F.Z.S.

On tlie External Characters of some Species of Lutrioice

(Otters).

C. W. Andrews, D.Sc, F.R.S., F.Z.S.

Note on the Skull of Dinotherium giganteuon in the British

Museum.
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The following Papers have been received :

—

Dr. C. F. SONNTAG, F.Z.S.

The Comparative Anatomy of the Koala (Fhascolarcios

cinereus) and the Yulpine Phalanger {TrichosiLrus vuljjecula).

R. I. PococK, F.R.S., F.Z.S.

The External Characters of the Koala (Phascolarcios) and

some related Marsupials.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will i-ender it

necessary for the present that papers should be condensed and

be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretanj.

Zoological Society of London,

Regent's Park, London, N.W. 8.

Mai/ 17th, 192L
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May 24th, 1931.

Prof. E. W. MacBride, D.Sc, LL.D., F.R.S., Vice-President,

in the Chair.

The Secretary read a Report on the Additions to the Society's

Menagerie during the month of April, 1921.

Miss L. E. Chebsman, F.E.S., exhibited, and made remarks

upon, a series of lantern-slides illustrating the habits in the

larval stage of the Hydropsychidse (Snare-building Caddis

Worms).

Major Stanley S. Flower, F.Z.S., exhibited examples of three

species of Egyptian Jerboas

—

Jaculus jacidus, Jaculus orientalis,

and Scarturus tetradactylus, the latter being the first living

specimens ever brought to England ; and made remarks upon
the distribution of the three species in North Africa.

Dr. C. W. Andrews, F.R.S,, F.Z.S., gave a restmie of his

paper " On the Skull of Dinotherium giganteum in the British

Museum."

* This Abstract is published by the Society at its offices, Zoological Gardens,

Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six ShUUngs per annum, payable in advance.
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Dr. Ohas. F. Sonntag, F.Z.S., gave a resume of his papers

(1) "The Comparative Anatomy of the Tongues of the Mam-
maHa, Families 3 and 4, Cebiclse and Hapalidse," and (2) " Some
Points in the Anatomy of the Tongues of the Lemuroidea."

In the absence of the Author, Prof. R. Broom, F.R.S., C.M.Z.S.,

his paper, " On some new Genera and Species of Anomodont
Reptiles from the Karroo Beds of South Africa," was taken as

read.

Mr. R. I. PococK, F.R.S., F.Z.S., gave a resume of his paper
" On the External Characters of some Species of Lutrinm

(Otters)."

The next Meeting of the Society for Scientific Business will

be held on Tuesday, June 7th, at 5.30 p.m., when the following

communications will be made :

—

Dr. Frank M. Chapman.

The Distribution of Bird-life in the Urubamba Yalley of

Peru. (Illustrated by lantern- slides.)

S. Maulik, F.Z.S.

New Indian Drilid Beetles,

Prof. J. P. Hill, F.R.S., Y.P.Z.S.

Exhibition of some Marsupial Embryos, especially the

Koala and the Wombat.

R. I. PococK, F.R.S., F.Z.S.

The External Characters of the Koala {Phascolarctos) and

some related Marsupials.

Dr. C. F. Sonntag, F.Z.S.

The Comparative Anatomy of the Koala {Phascolarctos

ci7iereics) and the Yulpine Phalanger (Trichosurus vulpecula).
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The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed and

be limited so far as possible to the description of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society op London,

Regent's Park, London, N.W. 8.

May 2>\st, 1921.
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June 7th, 1921

Prof. J. P. Hill, F.R.S., Vice-President,

in the Chair.

Major Stanley S. Flower, O.B.E., F.Z.S., exhibited, and made
remarks upon, some living specimens of Testudo leithii and an

example of Testudo ibera.

Dr. P. Chalmers Mitchell, C.B.E., F.R.S., exhibited, and
made remarks upon, a photograph of the Death-mask of a young
Gorilla, presented to the Society by Prof. Howard Macgregor, of

Columbia University, New York.

Dr. Frank M. Chapman gave an account of the distribution of

Bird-life in the Urubamba Yalley of Peru, and illustrated his

remarks with a remarkable series of lantern-slides.

In the absence of the Author, Mr. S. Maulik's paper on
New Indian Drilid Beetles " was taken as read.

* This Abstract is published by the Society at its offices, Zoological Gardeus,
Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications
; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.
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Prof. J. P. Hill, F.R.S., Y.P.Z.S., exhibited, and made
remarks upon, a series of lantern-slides of some Marsupial

Embryos, dealing especially with the Koala (Phascolarctos) and

the Wombat [Phascolomys).

Mr. R. I. PococK, F.R.S., F.Z.S., gave a resume of his paper

on " The External Characters of the Koala {Phascolarctos) and

some related Marsupials."

Owing to the lateness of the hour. Dr. C. F. Sonntag's paper

on " The Comparative Anatomy of the Koala [Phascolarctos) and

the Yulpine Phalanger (Trichosurus vulpecula) "and Mr. C. Tate

Regan's paper on "The Cichlid Fishes of Lake iSTyassa " were

taken as read.

The next Meeting of the Society for Scientific Business will

be held on Tuesday, October 18th, 1921, at 5.30 p.m.

A notice stating the Agenda for the Meeting will be circulated

early in October.

The following Paper has been received :

—

R. I. PococK, F.R.S., F.Z.S .

The External Characters and Classification of the Mustelidse.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Seco-etary.

Zoological Society of London,

•Regent's Park, London, N.W. 8.

June lUh, 1921.
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as a distinct genus. In 1909, in summing up the position at

that time, I stated that the evidence seemed " to be getting

stronger in favour of Oudenodon being but the female Dicynodon:'

By 1911 the discovery of tusked and tuskless specimens of

Dicynodon holorhinus in one locality removed all doubt, and

since then we have discovered tusked and tuskless specimens of

quite a number of species. We do not yet know whether the

females of all species are tuskless, and there is considerable reason

to believe they are not. And it is also possible that even the

males of some species at present referred to Dicynodon may be

tuskless. The genus Lystrosaurus is certainly tusked in both

sexes, and as all known specimens of Cistecephcdus are without

tusks, presumably both sexes are tuskless. All the known
specimens—about a dozen—of Kannemeyeria are tusked. Also

every known specimen of Dicynodjon tigriceps or allied species is

tusked, while the few known specimens referred to Eocyclofs are

tuskless. tSpecies where both sexes are tusked or both tuskless

will have to be placed in distinct genera or at least subgenera.

When Owen worked at Dicynodon and Oudevodon he made
nearly every skull the type of a distinct species, and there were
doubtless many who considered that he was over liberal in the

making of new species. Lydekker in 1890 reduced Owen's

20 species to 11 good and 3 doubtful species, but there is now
little doubt, with our much greater knowledge of the genus, that

practically all Owen's types are good. In my opinion, out of the

20 specific names only two can be regarded as synonymous

—

D. pardiceps and D. rectidens, both of Avhich I refer to D.

leonice2)s Ow.
It is hardly surprising that a genus which survived for

probably over 2,000,000 years should have over 50 species

already known, and probably very many more to be discovered,

Avhen we consider how many species of such reptiles as Testudo

or Lygosoma are at present alive. Until a few years ago nearly

every good specimen discovered seemed to belong to a new
species. Now the corner seems to be turned, and the majority

of Dicynodon skulls now picked up can be referred to sjDecies

already known.
In the present paper I wish to describe a nvmiber of new forms

I have discovered in the past three years.

Dicynodon sollasi, sp. n. (Text-figs. 28, 29.)

This new species I have much pleasure in naming after

Prof. W. J. Sollas, who with his daughter has added so consider-

ably to our fuller knowledge of the structure of the Dicynodon
skull*. It is founded on a series of over 20 good skulls and

* In coiiiiectioii with the work on Dicynodon by Prof, and Miss Sollas, I should

like to point out that the skull examined by them in 1913 cannot possiblj' be

Dicynodon leo7iiceps Owen. As the specimen is now, of course, completelj' gone,

and as the postoi'bitals have manifestly been partly weathered awa}- before the

specimen was ground down, it will never he possible to determine the species with
absolute certail'lt3^ In my opinion the specimen was Dicynodonfeliceps Owen.
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many imperfect ones discovered near Biesjespoort on a horizon

which I believe to be at the very top of the Endothiodon zone,

and it appears to extend a short way into the Cistecejyhalus

zone. Though many skulls, both males and females, are known,
I take as the type one of the best preserved, which I believe to

be an adult male. It is about 5 inches in length and a little less

than 4 inches in width.

The beak is about the same length as the orbit and moderately

sharp in front. Tlie nostrils are fairly large, and behind them
the maxillaries meet the nasals, and the septomaxillaries do not

appear on the side of the face.

Immediately behind the plane of the nostrils is a thickening of

the bones which forms a I'ound button-like low boss in the middle

line. Above and behind the canine is a thickened elongated

rida'e.

Text-iio-ure 28. Text-figure 29.

Text-iig. 28.—Skull of Dicynodon sollasi Broom. Reduced.

Text-fig. 29.—Preparietal region in Dicynodon sollasi Broom. Nat. size.

The interorbital region is flat and narrow. The orbits look

upwards and outwaixls.

The parietal region is only very slightly wider than the inter-

orbital, and the large postorbitals largely overlap the parietals

.and almost meet in the middle line.

The preparietal region is not well displayed in the type skull,

but is well seen in a number of others.

The pineal foramen is relatively small, and is situated a few

millimetres behind the plane of the back of the postorbital arch.

The preparietal is small, and is flanked by fairly large anterior

processes of the parietals. The postfrontals are nearly obscured

by tlie paiietals and postorbitals, biit form a distinct though

small part of the orbital margins.
44*
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The following- ai^e the principal measurements of the type

skull :—
Greatest antero-posterior length 128 mm.
Width across squamosals 88 ,,

Intertemporal width 22 „
Interovbital width 21 .,

Width across maxillary bosses 52 ,,

Width between nostrils 3 5
,

,

Width between canine I'oots 32 ,,

Dicynodon sollasi bears considerable resemblance to D. feliceps,

B. ictidops, and Z>. te.studicej)s. From D. feliceps it differs in

being a much more delicately built skull and with a very much
feebler tusk, the tusk in D. sollasi being about half the thickness

of that in D. feliceps. In B. testudiceps the postorbitals meet

each other in the middle line over the parietals ; in D. sollasi

the postorbitals do not overlap the parietals so very greatly.

D. ictido23s comes fiom a horizon which is probably 500 feet lower

than that which yields D. sollasi; so that there is a strong

presumption in favour of the two being distinct species, though

they are undoubtedly closely allied. The prepai'ietal in D. sollasi

is smaller than in D. ictidops, and the general contouis of the

bosses differ considerably in the two species.

Dicynodon andrewsi, sp. n. (Text-fig. 30.)

This species is founded on a nearly perfect skull from the same

horizon and nearly the same spot at Biesjespoort that yielded the

type of D. sollasi. In addition to the type specimen I have two

others which I refer to the same species—one from a locality

between Murraysburg and Biesjespoort, and the other from a

locality 3 miles east of Biesjespoort. As this latter specimen was

found in near association Avith a specimen of Cistecej^halus sp., it

oives us the horizon as the base of the Gistecephalus zone.

The species is a very strikingly new type, which may ultimately

liave to be placed in a neAv subgenus.

In general shape the species resembles typical Dicynodons.

The snout is unusually short, the preorbital region being only

about one-fifth the length of the skidl. Above and behind each

nostril is a well-marked bony boss, with a fairly broad flat sulcus

between. Each of the two specimens which has the maxillte

preserved is tuskless.

The orbits are large, with supraorbital thickening on the

frontal bones. The frontal region is slightly concave behind, and

in front a low median elevation leaA^es each frontal bone slightly

concave.

The parietal region is broad, and unlike the typical species of

Dicynodon, the parietals are not overlapped by the postorbitals.

The large size of the parietals makes a distinct approach to the

broad-headed Dicynodonts of the type of Dicynodon tigriceps

Owen, and for Avhich I am proposing a neAV genus. In fact,

D. andrewsi may be the ancestor of D. tigriceps.
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The preparietal is well developed, and the relations of the

bones in this region are very similar to the typical Bicynodon
arrangement. There is a large postfrontal.

Text-fisure HO.

Parietal regioi of Dicynodon andretvsi Broom.

The following are the principal measurements of the type :

—

Greatest antero-posterior length... about 260 mm.
Basal length ,, 210 ,,

Greatest width ,, 230 ,,

Intei'orbital width 43 ,,

Intertemporal width 46 ,,

I have much pleasure in naming the species after Dr. C. W.
Andrews, F.R.S., of the British Museum.

DiCYMODON OSBORNI, sp. n. (Text-fig. 31.)

This very strikingly new species is from Wapatsberg, near

New Bethesda Road, and is from beds which are undoubtedly in

the Lystrosaurus zone. In the same horizon are found not only

Lystrcsaurus, but the Therocephalian recently described by me
as Moschorhinus Idtchlngi. When Jloschorhimts was described

the exact locality was unknown to me, and when later I dis-

covered it I made a special expedition to the spot to try and
discover the back portion of the skull. Though I did not succeed

in getting the rest of the type, I got another imperfect skull, two
specimens of Lystrosaurus, and the type skull which I am now
describing.

The present skull is not only of much interest as a new type,

but is of great importance as being one of the very iew Dieynodon
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skulls known from the Lysirosaurus zone, and the only known
large one.

The skull lacks the lower jaw, and has lost by weathering the

front of the snout, the right jngal arch and part of the left, but

otherwise is fairly complete. Unfortunately, the matrix is hard,

and though most of the bony surface has been displayed, it is

almost impossible to be sure of the sutures.

The whole skull is broad and flat. "When perfect it probably

measured about 16g inches in length, and it must have been

fairly wide.

Text-fi2-ure 31.

%- '0
Skull of Dicipiodon osborni Broom. Greatly reduced.

The snout is relatively long, and apparently resembled in some
respects that of Kannemeyeria, and as in that genus, there are a

pair of very powerful tusks. The nasal region has been broad

and rounded, without any very striking bony bosses.

The frontal region is wide and moderately flat. Low but well-

developed bosses are above the antei^ior half of each supraorbital

margin.
The intertemporal I'egion is relatively narrow, and a marked

median crest is formed by the flattened parietal overlapped by
the large postorbitals.

The preparietal region has not been satisfactorily revealed.

The pineal foramen is evidently small, and situated well back
between the approaching postorbitals. Whether a preparietal
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bone is present or not the evidence does not show. There is

certainly no preparietal boss such as occurs in the species of

Eocyclops.
The orbits look almost directly upwards.

The postorbital arches are long and well developed.

The squamosals must have been extremely broad, judging from
the portions preserved.

The following are the principal measurements of the type :

—

Greatest antero-posterior length... about 460 mm.
Greatest width ,, 420 „

Distance between tusks 80 ,,

Interorbital width ICO ,,

Intertemporal width 45 ,,

Basal length about 410 ,,

I have much pleasure in naming this new type after Prof. H. F.

Osborn.

Text-fio-ure 32.

Top of parietal region of skull of Dicynodon watsoni Broom.

The degree to which the postorbitals overlap the parietals is unknown, ])ut most

probably it is not greater than is indicated in the figure.

DiCYNODON WATSONI, sp. n. (Text-fig. 32.)

This new species is founded on a very fragmentary skull, of

which little more than the frontal and parietal regions are \)yq-

served, found on the mountain to the east of New Bethesda,

about 800 feet above the horizon of the village and probably in

the Lystrosaurus zone. It is a near ally of D. oshorni though
quite a distinct species, and important in giving details of the

structure of the preparietal region.
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The frontal region is broad and slightly convex, and tne

parietal region is in the same plane as the general frontal plane.

There are no supraorbital bosses as in T). oshorni, the whole

frontal surface being unusually smooth and slightly convex.

The postorbitals are large and form a considerable part of the

upper cranial surface. Posteriorly they clasp the j^arietals, and
Avith them form the parietal crest. Curiously enough, each post-

orbital has had its posterior process broken off near the plane of

the pineal foramen, probably as the result of the bite of some
carnivorous enemy ; but thei-e is little doubt that they extended
backwards, though not so far as in typical Dicynodons, as the

grooves for their lodgement are preserved. Probabl}^,' however,

they did not quite extend to meet the squamosals.

The preparietal is moderately large and wide, and forms the

margin of anterior third of the pineal foramen.
The postfrontal, though fairly large, is almost entirely hidden

on the surfa^ce by the frontals and the postorbitals.

I have much pleasure in naming the species after Mr. D. M. S.

Watson.
The following are the principal measurements :

—

Interorbital width 58 mm.
Intertemporal width 20 ,,

DiCYNODON CURTITS, sp. n. (Text-fig. 33.)

The type of this new species is a complete but distorted skull

found by me at Biesjespoort. The horizon is probably about

Text-fiefure 33.

Preparietal region of Dicynodon ciirUis Broom. Hat. size.

100 feet above that in which the type of D. sollasi was obtained,
but it is quite possible that D. sollasi may have survived to be
contemporaneous with this other type. In any case, though this

type is similar in size to B. sollasi, it is very strikingly difierent

in nearly every detail.
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The skull is short, broad, and deep, and about 4 inches in

length.

The snout is bent down and the caniniform processes are
under the orbits. There is no great thickening of the nasals.

The orbital region is narrow and the parietal region moderately
wide.

The pineal foramen is large and rounded. The preparietal is

small and narrow, and the postfrontals very largely developed.
The parietals are fairly well exposed between the postorbitals,

but are extremely short. The postorbitals in the temporal region
are broad and overhang the temjDoral fosste.

The nearest ally to this species, which I propose to call

Dicynodon curtus, is Dicynodon duhius Owen, from which it

differs in the unusual shortness of the parietals and in other
proportions.

The following are the principal measurements :

—

Greatest antero-posterior length... about 110 mm.
Greatest breadth ,, 110 ,,

Basal length 100 „
Interorbital Avidth 20 ,,

Intertemporal width 27 ,,

Between the caniniform processes about 22 ,,

Text-figure 34.

Preparietal and its relations in Dicynodon woodwardi Broom. Nat. size.

Dicynodon avoodwardi, sp. n. (Text-fig. 34.)

The skull which forms the type of tliis new species was sent to

me from near New Bethesda by Mr. 0. Kitching, and I am not
quite sure of its horizon. Pretty certainly it is from some pai^t

of the Cistecephalus zone.

Though the whole of the base of the skull is preserved, much
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of the upper surface is unfortunately lost, including both jDOst-

orbital arches with the whole of the postorbital bones, practically

the whole of the parietal region, and both squamosals. Still,

what is preserved shows that it is a strikingly new type, and I

have much pleasure in calling it after Dr. Smith Woodward, of

the Bi-itish Museum.
The skull is moderately small, having measvired about 6 inches

in length. The snout is long and narrow, the preorbital portion

of the skull being nearly as long as the postorbital. The nasal

region is imperfect, but there were probably no great bony
thickenings. The maxillfe have each a round tusk, the head of

which lies under the orbit, and the tusks are relatively farther

back from the front of the beak than in most species.

The frontals are long and moderately narrow. Behind them
lies a most remarkably broad preparietal quite unlike that of

any other known species. By its sides, are narrow posterior

processes of the frontals. The postfrontals lie outside the

frontal processes. The postorbitals are lost, but from the con-

dition of the posterior parts of the squamosal it is manifest that

the temporal region must have been comparatively narrow.

The following are the principal measurements :

—

Greatest antero-posterior length... about 160mm.
Greatest breadth perhaps about 110 ,,

Basallength 145 ,,

Interorbital width 30 ,,

Distance between tusks 29 ,,

DiCYNODON iCTiNOPS, sp. n. (Text-fig. 35.)

This new species is formed on the nearly perfect skeleton of a

small animal found by me about 30 miles from Biesjespoort on
the Mui'raysburg Road. While it is quite possible that tiie form
is not quite fully grown, it cannot be the young of any known
species.

head is about oj

from snout to the tip of the tail about 12| inches.

The snout is smooth and rounded, without any bony thickening

either on the nasals or in the supraorbital regions, except a very

slight thickening on the nasal just where it ovei'hangs the

nostril. The septomaxillary does not appear to show on the

face. The lacrimal and prefrontals are small. In the maxilla? is

a small tusk.

The frontals are large, and a transverse section in the orbital

i-egion would show a convex upper surface, while a section of the

posterior end would have a concave upper surface. The post-

frontals are small, and only a small part appears on the surface.

The preparietal is rather small, its anterior end being on the

plane of the postorbital arch. The pineal foramen is situated far

back. The parietals are small. The postorbitals are very large,
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and their posterior processes are kept apart farther than in most
Dicynodon species.

On some f utui'e occasion the skeleton will probably be described

in detail. For the most part the bones are surrounded by very
hard calcareous masses, and are very difficult to clear.

Text-fieure 35.

Top of skull oi Dicynodon ictinops Broom.

The following are the principal skull-measurements :

—

Greatest antero-posterior length 82 mm

.

Greatest breadth 68 ,,

Interorbital width — 18 „
Intertemporal width 19 ,,

Basal length about 70 ,,

Distance between canines 15 „

DiCYis'ODON' MACRORHYNCHUS, sp. n. (Text-fig, 36.)

This new species is founded on two small skulls discovered by

me at New Bethesda. For a time I considered they might be

very miniature specimens of Dicynodon i^laiyceps^ the common
New Bethesda species, but further careful examination shows

that it is necessary to regard them as belonging to a distinct

species. The best preserved specimen is taken as the type.

The skull when complete was considerably less than 3 inches
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in length, and if an adult it I'epresents one of the smallest known
species of Dicynodon. It is chiefly remai'kable for the great

length of the orbital and preorbital regions as compared with the

postorbital.

In tlie nasal region there is a large median thickening re-

sembling that in Dicynodon sollasi. The frontal region is

narrow and the orbits large. The postoi'bital arch is slender

and the postorbital bones are q^^ite unusual in shape. There is

no trace to be seen, at least on the upper surface, of any post-

frontal, and the postorbital takes its place, having an anterior

process which forms a considerable part of the supraorbital

margin. The posterior process is unusually short, much of the

Text-figure 36.

Top of skull of Dicynodon macrorhi/nchus Broom.

temporal wall being formed by the parietal. The pineal foramen
is of moderate size, and is situated as shown in the figure given.

The preparietal is long and narrow.
The posterior portion and much of the palate are crushed.
The following are the principal measurements :

—

Greatest length probably about 70 mm.
Interorbital width 7'5 ,,

Intertemporal width 8
,

,

From snout to front of piiaeal foramen... 47 ,,

Dicynodon inacrorliynchus is allied to D. sollasi, D. testudiceps,

and D. ictido})s, but being from the middle of the Cistecephalus

zone, must be from a horizon many hundreds of feet higher than
that of any of these others.
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Baixia tigriceps (Owen), gen. n.

One of the first species of Dicynodon to be described by Owen
was Dicynodon tigricej^s. This is represented in the British

Mnseuni by a very fine sknll, said to have come from " Gonzia
River, Kaffraria." In genei'al appearance it differs very con-

siderably from the typical Dicynodon as rejaresented by D. lacer-

ticeps. The sknll is massive and extremely broad and flat, and
the parietal region differs in that the parietals are well developed

and not covered by the postorbitals. The genus Dicynodon is so

large that it would be convenient if we could lop off a few species

and put them into a subgenus, even if the differentiating charac-

ters did not seem of very fundamental importance. But there

is another character that is of great importance. I know of nine

skulls which belong either to Dicynodon tigricejJs or closely-allied

species, and all have tusks. It is therefore very highly probal^le

that the female of Dicynodon tigricejjs was tusked, and not like

the female Dicynodon—tuskless. And if this be so, Dicynodon
tigricejys must be placed in a distinct genus. It is, of course,

impossible to prove that the female was tusked, and even if

50 tusked skulls Avere found there would still be a doubt. As
it is, I think the probability sufiiciently great to make for it a

new genus, Bccinia, after the fatliei' of South African geology,

Andrus Geddes Bain—one of the most gifted geological geniuses

the v/orld has seen. Even if a tuskless female should turn up,

Bainia must still stand as a subgenus.

Bainia peavoti, sp. n. (Text-fig. 37.)

This new species is founded on a very fine skull discovered by
me at Biesjespoort. The skull is well preserved and not much
crushed. One zygomatic arch is lost, also part of the base and the
lower jaw. Though very similar in size to Bainia tiginceps, it

differs in many important features ; and as it is manifestly a new
species, I have much pleasure in naming it after the late Henry
G. Peavot, who for some years was the Zoological Societv's

Librarian and Clerk of Publications, and whose care and kindly
help all workers so fully appreciated. It is a delight to be able

to add a stone to the cairn of a fellow-worker and friend who laid

down his life on the battlefield.

The skull is of special val\ie in that all the sutures can be made
out with perfect distinctness. In general shape it agrees more
closely with B. tigriceps than with B. laticeps, but differs in the
shape of the zygomatic arch and in many other details which
will be mentioned. The snout and the whole front half of the
skull is much flatter than in any other known Anomodont.
The premaxilla, which is nearly complete, is relatively small

and unusually flat, '

The nasals are short but vexy broad, and have each a well-

developed boss which overliangs the nostril. The suture with
the frontals and prefrontals is neai'ly transverse.
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The septomaxilla is nob satisfactorily preserved, but is relatively-

small.

The maxilla is a ver}^ remarkable bone, quite unlike that in

any other known Dicynodont. The bone of the left side has lost

the subnasal portion, but is otherwise nearly complete, and it is

so remarkably shallow that one would fancy the palatal half had

been removed ;
yet if part of the bone has been removed, it must

have been done dui-ing the animal's lifetime. There is no tra,ce

of a tusk, yet there are the remains of the socket of a large tusk.

Text-fisfure 37.

Skull of Sainia peavoti Broom.

A not improbable explanation of the peculiai-ity is that the

animal is aged and has lost its tusks, and that in consequence

the palatal portions of the bone have become absorbed, as is seen

in aged human and other mammalian jaws.

The prefrontal is a relatively small trianguar bone which has

a small and not very prominent boss above the front of the orbit.

The lacrimal is small.
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The jugal is large. It fomxis XBOst of the lower border of the

orbit, most of tlie postorbital avch, and a considerable part of

the zj^gomatic arch.

The frontal is unusually large and wide. Its shape will be best

understood from the figure given. It has apparently a large

articulation with the postorbital, but a thin little strip of the

postfrontal is really wedged in between them. The frontal

passes back to the plane of the posterior end of the pineal

foramen.

The postfrontal scarcely appears on the surface, but though
neai'ly hidden by the frontal and postorbital, it is really a bone
of appreciable size underneath.

The postorbital is a large and powerful bone. It forms most
of the strong postorbital arch and the whole of the upper border

of the temporal fossa, and pretty certainly articulates with the

squamosal.

The preparietal is unusually large. It passes far forwards

between the frontals, and posteriorly nearly surrounds the pineal

foiumen.

The parietals appear to be ankylosed into a fairly large bone
lying mainly behind the pineal foramen. It forms a moderately
large, somewhat concave intertemporal I'egion. Anteriorly it

sends forward on each side a slender process between the frontal

and postorbital, and posteriorly a long process between the

postorbital and interparietal.

The interparietal is a little broader than the middle part of

the parietal. Laterally it articulates with the large tabular.

The occiput is fairly well preserved, and was probably much
like that of Bainia tigriceps, though some degree of crushing of

the squamosals gives it a. rather difterent appearance. The
occipital condyle is much shorter in the present species.

The squamosals are, as in all Dicynodonts, large and powerful.

The shape of the zygomatic portion can be seen in the figure to

differ appreciably from that in B. tigriceps.

The following are some of the principal measurements :

—

Greatest length (oblique) 500 mm.
Greatest breadth 480 ,,

Basal length 400 „
Width across nasal bosses 163

,,

Interorbital Avidtli 133
,,

Intertemporal width across parietals... 50 ,,

Intertemporal width across post-

orbitals 86 „

Bainia haughtoni, sp. n. (Text-fig. 38.)

In Haughton's paper on the Anomodonts in the tSouth

African Museum, recently published, he figures and describes a
skull (S. A. M. No. 3328) which he believes to be a young
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specimen of Dlcijnodon laticejis. I have examined this skull,

and while it has all the appearance of a young skull, it cannot,

in my opinion, be the skull of a young D. laticeps, as it differs in

having a very large preparietal and very large postfrontals.

Nor can it be the young of either Bainia tigriceps or D. p)e.avoti.

And as it differs from all these three species, but manifestly

belongs to this group, it is necessary to make it the type of a

distinct species which I have much pleasure in naming after

Mr. S. H. Haughton, who is doing excellent work in the vast

South African field.

Text-fi2-ure 38.

Parietal, preparietal, and frontal regions of JSainra haiujMoni Broom.

Mr. Haughton, in addition to describing the specimen, has

given a figure of the preparietal region. While his figure is

essentially correct, a camera lucida drawing I have made of this

region gives, I think, a little more accurately the position of the

sutures.

The following are some of the principal measurements :

—

Interorbital width 46 mm.
Intertemporal width 34 „

Across the nasals 52 ,,

Between the canines about 50 ,,
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EosiMOPs NEWTONi, gen. et sp. n. (Text-fig. .39.)

This genus and species is founded on a skull which I dis-

covered at Victoria West, and which is of special importance as

throwing some light on the age of the rocks which yielded the
unique fossil forms Galechirus scholtzi, Heleosuchus scholtzi,

ArnognathMS pcn'indejis, and Ifeleojjhilus acutus. When these

fossils were discovered by Mr. Scholtz no other fossil had been
found within 40 or 50 miles, and there was much doubt as to

the age of the deposit. When I described the forms I thought
it very likely that they were some of the land representatives of

the Lystrosaurus zone. Shortly afterwards Mr. A. L. du Toit,

of the Geological Survey, reaching Victoria West from the north

Text-figure 39.

Skull of JSosimops netvtoni Broom.

The apparent asymmetry is partly clue to crushing, hut largely owing to different

degrees of the surface of the bones having been flaked off.

through a very unfossiliferous region, came to the conclusion
that the beds at Victoria West were probably of the Pareia-
saurus zone. For many years I have taken Mr. du Toit's

opinion, but working from the South I have been compelled to

differ. Biesjespoort, which lies about 20 miles south of Victoria
West, is very rich in fossils, and is certainly at the base of the
Cistecejihalus zone. For miles the strata are almost joerfectly

horizontal, and it is hard to believe that the beds at Victoria
West can be much lower than those at Biesjespoort. Unfortu-
nately, the intermediate beds so far as examined are almost

pRoc. ZooL. See— 1921, No. XLV. 4-5
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devoid of fossils till we come to the little rich patch at Victoi^ia

West. Soon this locality will be for ever drowned in a large

dam which is being made above the township.

A small Dicynodont skull was some years ago discovered in

the deposit, which I referred to Pristerodon mackayi Huxley,

and took this as confirmatory evidence of the deposit being in

the Pareiasaurus-zone ; but we now know that very similar

forms belonging to the genus I am calling Emydopsisoccnv in the

Cistecephcdits zone.

The new Dicynodont skull which I have discovered is nearly

perfect, but being in a hard matrix cannot be very satisfactorily

developed: It is about 5 inches long and 4 broad, and is

chiefly remarkable from having the preorbital region very short

and deflected and the parietal region very broacl.

The premaxilla is extremely small and short. The nostrils are

large and directed forwards. The nasals,, like the prema,xilla,

are also unusually small. The septomaxilla does not show on

the facial surface. The maxilla though faii'ly well developed is

very short. It has a rather small slightly flattened tusk.

The prefrontal and lacrimal are both small. The frentals are

long and narrow, and form only a small pa it of the orbital

margin. Between them lies an exceptionally large and long

preparietal. The postfrontals are also very large. The post-

orbitals, on the other hand, have veiy short posterior processes

which do not meet the squamosals. The parietals are well

developed and broad.

The pineal foramen is unusually small.

The squamosal does not seem to present any unusual features.

The occiput has not been cleaned of matrix.

The species in the folding down of the snout recalls Lystro-

saurus, though the narrow interorbital region gives the upper

surface quite a different appearance. In Dicynodon moschops

Broom we have a very similar folding down of the snout, and at

first sight one might be led to think that this skull was the male
of B. moschops. When, however, we look at the structure Ave

find very great differences. In D. moschojjs we find the septo-

maxillary large and forming part of the face. Here it does not

appear on the face. Further, in D. moschops., though the parietals

are also broad the preparietal is small, and there are no post-

fi'ontals showing on the upper surface. The species of Bcdnia

also show some affinities with the present type, but they all differ

in having the frontal region broader than the parietal. Still we
may conclude that this Victoria West type has affinities with

D. moschops on the one hand and with the species of Bainia, on

the other. As all the known species of Bainia occur in -the

Cistecephcdus zone, as does also D. moschops, we may, I think,

conclude that the "Victoria West animal is either from the

Cistecephalus zone or from the zone immediately below—viz., the
Endothiodon zone. In any case it is pretty certain that the

Victoria West deposit cannot belong to the Pareiasaurus zone.
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It is certainly very remarkable that, while we know the faunas
of the Endothiodon and CisteoepJialios zones fairly well, nowhere
else have we ever come across any of the forms that occur at

Victoria West.
Though the present Dicynodont is fairly new to the typical

Dicynodons, I think it well to make it the type of a new genus,

which may be called Eosimops, characterized by the very shoi't

deflected snout and the broad .and unusual condition of the

parietal region. The specific na.me has been given in honour of

Mr. E. T. Newton, F.R.S., whose work I have always greatly

admired.

The following are the principal measurements :

—

Cxreatest antero-posterior length... about 140 mm.
Greatest breadth ,, 100 ,,

Interorbital width 30 ,,

Intertemporal width 33 ,,

Palemydops platysoma, gen. et sp. n. (Text-fig. 40.)

This new genus and species is founded on a beautiful skull and
part of the skeleton of a small Dicynodont found by me at

Text-figure 40.

Skull oi Falemydops platysoma Broom.

Biesjespoort. The head is barely 3 inches long, and one might
consider the possibility of its being a young Dicynodon. But this

cannot well be the case, as the bones are well ossified and the
tusk apparently fully formed. Farther, the structure of the top
of the skull is unlike that in any known species of Dicynodon.

45*
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In fact, the top of the skull differs so greatly from that of

typical Dicynodons, that I feel justified in making the specimen

the type of a new genus, Pcdemydops.

The skvill is flat aiKl broad. The snout is very short. Thei'e

are no indications of any thickenings of the nasal bones. The
maxilla is short and has a well-developed round tusk. The
sutures of the snout elements cannot with certainty be made out.

The frontals are moderately broad, and on the back part of

each is a long deep, probabl}^ glandular pit. The postfrontals are

large, and form a considerable part of the orbital margin. The
postorbitals are very large, and form the whole of the inner wall

of the temporal fossa.

The preparietal is relatively small and narrow. The pineal

foramen is small, and lies much behind the plane of the post-

oi'bital arches. The parietals are large.

The following are the principal measurements of the skull :

—

Grreatest antero-posterior length 75 mm.
Greatest width 67 ,,

Interorbital width - 16 ,,

Intertemporal width 20 ,,

Emydopsis trigoniceps (Broom), gen. n. (Text-fig. 41 A.)

In 1904 I described a small Anomodont skull as a species of

Oudenodon and called it Oudenodoit trigonicej)s. With the much

Text-fieure 41.

A B

A. Pi'fipavietal region ot JEmi/dopsis trigoniceps Brooniu

B. Preparietal region of Emydopsis sciuroides Broom.

greater knowledge which ,we now have it became pretty manifest

that it could not be a species of Oudenodon, or rather of

Dicynodon, the parietal region being quite different from the

Dicynodon type.* The specimen is now in the Albany Museum,
and Mr. J. Hewitt, the Curator, kindly sent it to me on loan for

further examination. I discovered on breaking into the maxilla

that there are three or four slender molar teeth. These are long'
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and rounded, and with small serrations on the posterior side of

the upper portions of the ci'owns. Manifestly the genus is allied

to Pristerodon and to Emydops, and also to Dia'lurodon , but it

seems wisest to make a new genus for those forms with three or

four slender posteriorly serrated teeth. Pristerodon has a larger

number of molars—6, 7, or 8—and they are robust teeth.

Emydops has a few teeth which are apparently not serrated.

Dkelurodon has a number of molars which have serrations both

in front and behind.

Emijdojjsis irigoiiiceps (Broom) may be taken as the type

species of the new genus.

Emydopsis longus, sp. n. (Text-fig. 42.)

This species is founded on a collection of eight good and a

number of imperfect skulls found by me at Biesjespoort. They
occur in exactly the same horizon as Dicynodon sollasi. As most
of the skulls are about 2| inches in length, and no one is more
than 2| inches, we may safely conclude that they are adult

skulls.

Text-fi2-ure 42.

Skulls of JSmydopsis lonqus Broom.
"

A. Type skull.

B. Skull of a topotype illustrating the variability of the prepavietal.

The snout is very appreciably shorter than the antero-posterior

diameter of the orbit. It is above rounded and moderately

smooth, though the nasal bones are uniformly thickened. The
septom axillary does not seem to be seen on the face, though it is

impossible to be quite certain.
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The frentals are long and narrow, and nearly shut out from the

orbital margins by the prjefrontals and large postfrontals. They

pass far backwards by the sides of the preparietal. The frontals

are moderately flat.

The preparietal differs in different specimens considerably, but

the appeai-ance of the postfrontals, postorbitals, and parietals is

very constant. I give figures of the region in two specimens to

illustrate the variation.

The parietals are large and broad and flanked by the post-

orbitals.

In no specimen is there a tusk, but in both upper and lower

jaws are a few slender posterioi-ly serrated molars. The number
appears to vary Avith age. In a beautifully preserved lower jaw

there are three teeth. The first is large and is on the point of

being shed, the replacing tooth being seen below it. The second

tooth is also well developed. The third tooth is very small.

A few years ago Haughton and I described a small skull from

Dunedin, which we provisionally referred to Emydops and named
Emydojjs platyceps. There can be little doubt that this is very

closely allied to the present species, and should be transferred to

the genus Emydopsis.

The only striking difference between Emydopsis platyceps and

Emydopsis longus is that in the latter the posterior part of the

skull is much longer and broader, and while E. 2y^(:<'tyceps has

slender tusks, E. longics has none.

The following are the principal skull measurements (in milli-

metres) of three specimens :

—

Type. B. C.

Greatest length 64 68 72

Gi'eatest width ...... about 48 about 54 about 52

Interorbital width 12 11 12

Intertem poral width 18 18 20

Basal length 59 about 62 —

Emydopsis sciuroides, sp. n. (Text-fig. 41 B.)

The beautiful little skull which forms the type of this new
species was found by me at New Bethesda, the famous locality

which has already yielded so many interesting types. Without
seriously injuring the skull, it will not be possible to say Avith

certainty if the specimen belongs to Emydojms, but the general

resemblance of the skull and loAver jaAv to those of species of

Emydopsis is so close as to render it highly probable that the

specimen belongs to a species of this genus.

The next striking characteristics of the skull are the large size

of the orbit and the relative shortness of the parietal region.

The snout is short but relatively broad. A tiny corner of the

septomaxillary appears on the face. The maxilla is deep, and in

this type skull at least, tuskless. The prefrontal and lacrimal

are small.
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The frontal is very long and narrow, and remarkable in that

the postorbital portion is wider than the orbital. The preparietal

is almost nniqne among Anomodonts in being very small and

situated entirely in front of the pineal foramen. A similar

condition is only known to occur in Umydopsis arciatus (Owen).

The postfrontal is either entirely absent or does not appear on

the surface. The postorbital is very large, and extending forward

into the region usually occupied by the postfrontal, forms a con-

siderable part of the orbital margin. The parietal is moderately

wide but short, the part behind the pineal foramen being

exti-emely short. The pineal foramen is very small.

In the lower jaw the dentary resembles that of Umi/dojjsis

lo7igus, but the post-dentary portion of the jaw is relatively much
shorter.

The following are the principal measurements of the skull :

—

Greatest length about 60 mm.
Greatest width doubtfully about 50 ,,

Interorbital width 10. ,,

Intertemporal width 17 ,,

Between caniniform processes 11 ,,

Basal length about 48 ,,

Text-fia"ui-e 43.

aiiwW of Emj/dops pm'vus Hivom.

The skull is sliglitlj' crushed, hut could not well have heeu lougev than

indicated hy the dotted line.

Emydops parvus, sp. n. (Text-fig. 43.)

Until the discovery of the present s-pecimen,Umydops minor

was the smallest known Anomodont, but this new find gives us a

type which has certainly a shorter skull and possibly smaller in

other respects. This new species is founded on a skull discovered

by me at Bruintjeshoogte in the same stratum as yielded the

type skull of Ictidosuchus longiceps Broom.

The skull is Ig inches long and rather less in breadth, and the

whole animal was probably as small as a newly-born kitten.
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The snout is very short, but the structure cannot be made out

owing to crushing.

The oi^bits are small.

The frontal region is rela-tively narrow, and the temporal
region in front nearly twice as wide. Owing to a finely crackled

condition of the bones, sutures are very difiicult to make out, but
the limits of the preparietal can be clearly seen. The pineal

foramen is small and situated well back. The general shape of

the skull will be best indicated by the drawing given.

There is evidence of at least one small unserrated molar.

The following are the principal measurements of the skull :

—

Greatest length about 38 mm.
Greatest breadth 35 ,,

Interorbital width 8*5
,

,

Intertemporal width 22'5
,,

Emyduranus platyops, gen. et sp. n. (Text-fig. 44.)

The new genus and species is founded on a small skull dis-

covered by me. near Biesjespoort, and is one of the most interesting

Anomodonts known. The specimen was found in the deposit

which has yielded the very numerous skulls of Dicynodon sollasi,

and before being developed it was looked upon as another of the
many duplicates. This was unfortunate, for a beautiful shoulder-

girdle lying against the skull was developed out and a portion of

the skull sacrificed before it was noticed that the skull is really a
very remarkable new type. "We have still preserved the greater

part of the skull, minus the arches, but with the contact between
the occiput and the parietal i-egion lost.

The skull is that of a small Anomodont with a broad, flat head
and a wide palate which has on each side three or four teeth.

The premaxilla is broad and shallow. As in typical Anomo-
donts, it forms the greater part of the bony palate. There is a
well-marked median ridge. Its relation to the palatines and
maxillae will be best understood by the figure.

The maxilla is well developed, but is remarkable from the fact

that there is very little of a caniniform process. Some distance

inside of the alveolar margin are three or four teeth in a row.

On the right side the matrix has been left su]3porting the crowns.

The first is a small sharp-pointed unserrated tooth ; the second a

much broader flattened tooth, also without serrations ; the thii'd

probably similar to the second ; and the fourth a smaller tooth

imperfectly preserved. On the left side the matrix, and with it

much of the teeth, has been removed. The first tooth is seen

to have its root near the suture between the j)remaxilla and
maxilla, and though it doubtless is fixed in the maxilla, it passes

through the premaxilla. The others are in the posterior part

of the maxilla.

The palatine is well developed and has an unusually large
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palatal portion, which is rugose and has probably had a horny-

protection. The posterior part of the palate is not preserved.

The nostrils ai^e situated well forward and separated by the

median process of the premaxilla, which passes well back.

The nasals are large. Each has a well-marked boss behind

and above the nostril. The septomaxillfe cannot be made out.

The frontal is long and narrow, and passes unusually far

behind the plane of the postorbital arch. The postfrontal is

small and narrow, but forms a considerable part of the orbital

margin.

Text-fisure 44.

A. Top of skull of 'Emyduramis platyops Broom.

B. Palate of 'Emyduramts platyops Broom.

C. First three molar teeth of same, enlarged.

The preparietal is i-emarkable in being situated quite in front
of the pineal foramen. It is lozenge-shaped, the two posterior
sides articulating with the parietals and the anterior with the
frontals.

The postorbitals are large.

The occiput, so far as can be seen, presents no unusual feature.

The following are the principal measurements :

—

Greatest length about 90 mm.
Greatest width , 72
Interorbital width 16
Intertemporal width 20
Between the caniniform processes 25
Front of snout to front of pineal foramen 62
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This little Anomodont, to which I have given the name
Emyduranits platyops, shows some afl&nities with Cryptocynodon
shnus Seeley, and also with Prodicynodon pearstunensis Broom,
but must be regarded as the representative of a very distinct

genus.

Endothiodon crassus, sp. n. (Text-fig. 45.)

This new species is founded on a beautiful skull discovered by
me at Dunedin, Beaufort West district. The skull has lost the

lower jaw, and has the parietal region badly weathered and the
squamosal portion of the left temporal arch imperfect, but other-

wise it is almost complete. With the exception of Endothiodon
whaitsi it is the largest Endothiodon skull known, a.nd it is little

inferior to that other, though very difFerentin shape.

Unlike Endothiodon uniseries Owen and Endothiodon whaitsi

Broom, it is veiy broad and flat, and the parietal region is only

slightly elevated above the frontal plane. In general shape and
proportions the species which it most resembles is Endothiodon
paucidens Broom, but that it is very diflferent from this species

will be at once evident on comparing the figures.

The premaxilla when viewed from the front is like a thick

inverted V, the deep notch being for the point of the mandible,

and the two points are the caniniform processes, which here are

formed by the premaxilla and not, as in the tuskless Dicynodonts,

by the maxillafi. A small knob is situated in front of each

nostril. The superior median process passes between the nasals,

but is short.

The nasals are very broad, and the bones, like all the bones of

the top of the skull, very thick. They are as broad as long, and
the whole preorbital portion of the skull is thus much broader

than long—a condition which differentiates this species of Endo-
thiodon from ail others.

The prefrontals are of moderate size, and so thickened that

they may be looked upon as forming preorbital bosses.

As in all typical Endothiodons, there are two longitudinal

grooves passing from the front of the frontals down the middle

of the nasals to the upper corners of the nostrils.

The septomaxilla seems to be small and within the nostril,

but the evidence is not satisfactory as to whether it also appears

on the face.

The lacrimal is smaller than the prefrontal, but its limits

cannot be clearly made out.

The maxilla is a large bone. As in all species of Endothiodon,

it has a long ridge which forms an alveolar border and at a

considerable distance further in a row of .teeth. Most of the

teeth appear to be lost, but when complete there was probably a

single row of eight teeth which measured 74 mm. The first

tooth of the series is round in section and has a diameter

of 7 mm. ; the last, also round, has a diameter of 8"5 mm. The
maxilla forms most of the lateral part of the face, and it sends



FROM THE KARROO BEDS OF SOUTH AFRICA. 673

a long and powerful process outwards and slightly backwards

below the jugal to strengthen the jugal arch.

The jugal is, as in other Endothiodonts, more powerful than

in the Dicynodonts, and has a large rounded descending knob.

It sends a long process backwards inside the squamosal.

Text-fi£fure 45.

Skull o{ Endofhioclon crassus Broom. Greatly reduced.

Tlie quadrato-jugal and quadrate (QJ"and Qn) of the right side are displaced :

those of the left side lost.

The frontals are large, but the exact limits of the bones cannot
be made out except in front as most of the orbital margins have
been lost.

The preparietal is large and forms the front of the pineal
foramen wall.

The parietals are narrow but deep.

Tlie squamosals ai^e poAverful. The zygomatic poi-tion is more
slender than in Dicynodonts, but the occipital portion is greatly
developed.
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The qiiadra,te and quadrato-jugal ax^e lost from the left side,

but preserved in a slightly displaced condition on the right. As
in Dicynodon, they are apparently ankylosed, and their displace-

ment from the squamosal and paroccipital adds further evidence

to observations I have made in Dicynodon, that while the

quadrate is fixed to the quadrato-jugal, the quadrato-jugal has a

very considerable degree of movement on the squamosal, and
thus relatiA^ely to the skull the quadrate is perhaps as freely

movable as in the Lizard, in Anomodonts, and also in

Cynodonts.
The palate is similar to that in other Endothiodonts, and does

not differ greatly from the Dicynodon type. The periotic

processes do not descend to the same degree as in Dicynodon, but

are clasped by the basisphenoids in a similar manner, and have
each a large foramen ovale for the end of the stapes. Endothiodon
differs from Dicynodon in having a large median basisphenoid boss.

The occipital condyle is flat as in other Endothiodon species.

The following are the principal measurements of the skull :

—

Greatest antero- posterior lengtli 502 mm.
Greatest breadth across squamosals .... 400 ,,

Greatest breadth across jugals 430 ,,

Breadth across nasals , 180 ,,

Breadth between nostrils 60 ,,

Basal leng-th 435 .,
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36. The Cichlid Fishes of Lake Nyassa. Bj C. Tate Regan,
M.A., F.R.S., F.Z.S., Keeper of Zoology, British

Museum (Natural History),

[Received June 7, 1921 : Read June 7, 1921.'i

(Plates I.-YI.* ; Text-figures 1-30.)

The Fishes of Nyassa have been somewhat neglected in com-
parison with those of Tanganyika and Victoria. They were first

described by Giuither (P. Z. S. 1864) from specimens collected

by Sir John Kirk, and nearly thirty years had passed before
the same author again described fishes from the lake sent by
Sir Harry Johnston (P. Z. S. 1893). Later a collection made
by Captain E. L. Khoades was described by Boulenger (Ann. &
Mag. N. H. (8) ii. 1908). In Boulenger's ' Catalogue of African
Fresh-water Fishes,' iii. (191.5), 38 species of CichlicUe are recorded
from ISTyassa ; one of these, Petrochromis vyassce, may now be
removed from the list. The supposed occurrence of the specialized
Tanganyika genus JBetrochromis in Nyassa was difiicult to
explain; re-examination of the type of P. nyasste leads me to
regard it as identicnl with the more recently described
P. fasciolatits, and I have no doubt that the locality assigned to
it was an error on the part of the collector. The loss of this
species from the Nyassa list is made good by the re-establishruent
of Gunther's Chromis suhocidcms, placed by Boulenger in the
synonymy of C, johnstoni, so that the number of valid species of
Cichlidse hitherto described from Nyassa is 38.

The present revision is based on an examination of the speci-

mens in the collection of the British JNIuseum (Natural History),
including the types of all the species described by (xiinther and
by Boulenger, but principally on the study of a very fine collection

made and presented to the Museum by Mr. Rodney C. Wood.
As a result, the number of species is more than doubled, 46 being-

described below as new to science. Of the 84 species all but 5

(3 Tilajna, 1 Astatotilcqna, 1 Serranochromis) are endemic, and
the proportion of endemic genera is high, 11 out of 15, but more
than half the species belong to the widely distributed o-enus
Haplochromis. The majority of the Nyassa genera are quite
distinct from any found elsewhere : for example, Rhamphochromis,
which may be supposed to occupy the same place in Nyassa that
Bathyhates does in Tanganyika, is very difi'erent from Bathyhates.
There are, however, a few remarkable examples of conve)'gent
evolution in Nj-assa and Tanganyika t. The fish described below
as PseudotrO'pheus trojyheops bears a great superficial resemblance
to Tropheus. and has the same peculiar dentition

; another new
type, Aulonocara, has deep channels with large openings in the
frontal, nasal, orbital, prpeopercular, and mandibulary bones,
exactly as in Trematocara.

* For explanation of the Plates see p. 727.

t For the Tanganyika genera see Regan, Ann. & Mag. N. H. (9) v. 1920, p. 33,
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Synopsis of the Genera.

I. Scales cycloid or very finely denticulate.

A. Pharyngeal apophysis formed by parasphenoid only.

Teeth in narrow or moderately broad bands, outer bicuspid,

inner tricuspid 1. Tilapia.

Teeth very small, in very broad bands 2. Corematodus.

Teeth in a few series, slender, with expanded crowns,

the outer obliquely truncated 3. SemUilapia.

B. Pharyngeal apophysis formed bj' parasphenoid in middle and prootics at

sides.

Teeth moderate, outer mostly bicuspid, inner tricuspid 4. Otopharpix.

Teeth very stout, unicuspid 5. Chilotilapia.

II. Scales usually distinctly denticulate. Pharyngeal apophysis formed by para-

sphenoid in middle and basioccipital at sides.

A. Bones of head with small muciferous canals with small pores.

1. Prsniaxillaries without anterior beak-like expansion.

a. Edge of membrane of spinous dorsal produced into lappets,

a. Teeth conical, or outer bicuspid and inner tricuspid.

Teeth of outer series in upper jaw first decreasing and then

increasing in size antero-posteriorly ; band of teeth in

lower jaw crescentic 6. Astatotilapia.

Upper jaw with a rather broad band of small cuspidate

teeth anteriorly and a series of enlarged conical teeth

on each side ; lower jaw with a band of teeth with

incurved lateral edges, from which a single series runs

back on each side 7. Tsewlotropliews.

Teeth conical ; loAver jaw with 4 anterior canines 8. Cijnotilapia.

Teeth conical ; no canines ; 7 to 9 series of scales on cheek . 9. Serranochromis^

Outer teeth decreasing in size posteriorly; no distinct

canines ; bands of teeth continuous ; 2 to 6 series of

scales on cheek 10. HaplocJiromis:

Teeth very small and slender, forming narrow bands which

are interrupted at the symphyses 11. LetJirinops.

p. Outer teeth verj^ broad, compressed, with or without a pair of small

lateral cusps 12. Docimodus.
h. Edge of membrane of spinous dorsal running evenly between the tips of

the spines 13. Cyrtoeara.

2. PrKmaxillaries with an anterior beak-like expansion.
14. RliampTiocliromis.

B. Frontals, nasals, orbitals, pranpercular and mandibulary bones deeply

excavated, with, large openings 15. A ulonocara.

1. Tilapia A. Smith, 1840

(type T. sparmanni A. Smith).

Teeth small or moderate, in several sei'ies, the outer bicuspid,

the inner tricuspid (sometimes conical in large fish). Scales

cycloid or feebly denticulate. Pharyngeal apophysis formed by
parasphenoid only.

Africa ; numerous species.

The four species found in Nyassa may be distinguished as

follows .^-

I. Three anal spines.

A. Caudal scaled only at the base.

Maxillary extending to below eye 1. mossambica.
Maxillar3' not extending to below eye ; 2. melanopleura.

B. Caudal covered with small scales 3. sqitamipinnis.

II. Four anal spines : ... 4. sJiirana.
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.1. TilAPIA MOSSAMBiCA Peters, 1852.

Bouleng. Cat. Afr. Fish. iii. p. 154, fig. 101.

East Africa.

2. TiLAPIA MELANOPLEURA A Dum., 1859.

Bouleng. Cat. Afr. Fish. iii. p. 190, fig. 123.

We.st Africa, Congo, and Zambesi.

3. TiLAPiA SQUAMiPiNNis Giinth., 1864.

Bouleng. Cat. Afr. Fish. iii. p. 183, fig. 118.

Nyassa.

4. TiLAPiA SHiRANA Bouleng., 1896.

Bouleng. Oat. Afr. Fish. iii. p. 151, fig. 98.

ISTyassa and Portuguese E. Africa.

2. CoREJiATODus Bouleng., 1896.

Jaws with very broad bands of very small teeth, the outer
with expanded, compressed, and obliquely truncated crowns, the
inner mostly pointed. Scales cycloid.

A single species from Nyassa.

CoREMATODUS SHiRANUS Bouleng., 1896.

Core')natodus shiranus Bouleng. Cat. Afr. Fish. iii. p. 494,
fig. 342.

Depth of body 2| in length, length of head 3. Snout with
convex profile, shorter than postorbital part of head. Diameter
of eye eojual to prteorbital depth, 5 in length of head ; interorbital

width 2f . Jaws equal anteriorly ; maxillary extending to below
eye. 4 series of scales on cheek. 12 gill-rakers on lower part of

anterior arch. Pharyngeal teeth small. 34 scales in a longi-

tudinal series. Dorsal XYI 11; last spine t length of head.
Anal HI 9 : third spine ^ length of head. Caudal scaly. Caudal
peduncle 1| as long as deep. Body with seven narrow blackish
cross-bars as in Tilcqna sqioamiphmis , the first dov/nwards from
origin of dorsal, the last two on caudal peduncle.

The type, 200 mm. long.

3. Hemitilapia Bouleng., 1902,

Teeth in 3 to 6 series, small, with slender shaft and compressed
and expanded crown, those of outer series obliquely truncated.
Scales feebly denticulate.

A single species from Nyassa.

Hemitilapia oxyrhynchus Bouleng., 1902.

He/initilcqna oxyrhynchus Bouleng. Cat. Afr. Fish iii p 489
fig. 339.
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Depth of body 2f to ^ in the length, length of head 3 to 3^.

Snout with straight or concave profile, from as long as to

1| diameter of eye, which is 3^ to 5| in length of head, in adult -
jj

equal to pra3orbital depth ; interorbital width 3| to 4 in head. ~
I

Jaws equal ; maxillai-y not extending to below eye. 3 or 4 series

of scales on cheek, 12 or 13 gill-rakers on lower part of anterior

arch. Pharyngeal teeth small. 33 to 35 scales in a longitudinal

series, 5 or 6 from origin of dorsal to lateral line. Dorsal XYI
10-11 ; last spine from less than |- to g length of head.

Anal III 9-10 ; third spine from less than ^ to more than 4 head.

Pectoral as long as or a little shorter than head. Caudal scaly,

truncate or slightly emarginate. Caudal peduncle longer than

deep. A dark spot on operculum, usually two on lateral line

below spinous and soft dorsal respectively and another at base of
;

caudal. Dorsal and caudal spotted with orange ; anal with long-

spots between the rays ; males with dorsal, anal, and pelvic fins

darker, pale-edged.

Seven specimens, 90 to 190 mm. long. (Jloore, lihoades, Wood).

4. Otopharynx Regan, 1920

(type Tilcqyia auromarginata Bouleng.).

As Tilcqna, but the prootic forms part of the facet for articu-

lation of the upper pharyngeal on each side.

ISTyassa ; two species.

1. Otopharynx AUROMARGiNATUs Bouleng., 1908.

Tilapia auromaryinata Bouleng. Cat. Afr. Fish. iii. p. 180,

fig. 115.

Depth of body ^ to 2| in length, length of head S^ to 3^.

Snout decurved, as long as or a little shorter than postorbital

part of head. Diameter of eye equal to depth of prseorbital,

3t to 4 in length of head ; interorbital width 3 to 3^. Jaws

equal anteriorly : maxillary not extending to below eye ; teeth in

3 to 5 series, inner tricuspid or conical ; 60 to 75 in outer series

of upper jaw, the anterior bicuspid, the postei'ior conical.

4 series of scales on cheek. 15 to 18 gill-rakers on lower part of

anterior arch. Pharyngeal teeth small. Scales cycloid, 33 or 34

in a longitudinal series, 5 or 6 from origin of dorsal to lateral

line. Dorsal XVII-XVIII 10-11 ; last spine f length of head

or a little more. Anal III 9-10; third spine stronger than

dorsals, \ head or a little more. Pectoral as long as head, not

reaching anal. Caudal densely scaled, emarginate. Caudal

peduncle 1^ as long as deep. Bluish; dorsal and anal dark

blue with yellow edge ; dorsal with series of red spots.

Two specimens, 205 and 240 mm. in length, and a skeleton.
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2. Otopharyxx selenurus, sp. n. (Text-fig. 1. )

Depth of body 2^ in length, length of head 3^. Snout with
straight profile, as long as postorbital part of head. Diameter of

eye nearly equal to depth of praeorbital or cheek, 4 to 4| in

length of head, interorbital width 4. Jaws equal antei'iorly

;

maxillaiy not exteiiding to below eye ; teeth in 3 or 4

sei-ies, 50 to 55 bicuspid teeth in oviter series of upper jaw.

3 or 4 series of scales on cheek. 12 gill-rakers on lower part of

anterior arch. 35 scales in a longitudinal series, 6 from origin

of dorsal to lateral line. Dorsal XYT-XVII 11-12; last spine

i length of head, longest soft rays nearly as long as head.

Anal III 9 ; third spine stronger and shorter than last dorsal.

Pectoral as long as head, reaching anal. Caudal scaly, deeply

emarginate. Caudal peduncle 1| as long as deep. Bluish grey,

uniform or with traces of darker cross-bai\s.

Text-fie-ure 1.

Otopharynx selenv.rtts. \.

Two specimens, 135 and 155 mm. in total length [Wood).
A smaller example, 90 mm. long, is more slender (depth 3 in

length), but, except for juvenile characters, such as the larger eye

(3g in head), is very similar to the two described ; colour silvery,

with traces of several cross-bars ; an oblong dark spot on lateral

line below middle of spinous dorsal, a band along lower lateral

line.

5. Chilotilapia Bouleng., 1908.

Jaws with an outer series of stout, little compressed, teeth,

and 3 or 4 inner series of smaller subconical teeth, which are
stronger at the sides of the priemaxillaries than in front.

Scales cycloid or feebly denticulate.

Nyassa ; a single species.

Proc. Zool. Soc—1921, Ko. XLYI. 46
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Chilotilapia rhoadesii Bouleng., 1908.

Chiloiilajy'm rhoadesii Bouleng. Cat. Afr. Fish. iii. p. 499,

fig. 366.

Deptli of body 2i- to 2^ in the length, length of head .3|. Snout
short, declivous ; diameter of eye 4 to 4^ in length of head,

prfeorbital depth 4, interorbital width 3. Jaws equal anteriorly
;

mouth Avide, with short lateral cleft. 3 or 4 series of scales on
cheek. 11 gill-rakers on lower part of anterior arch. Middle
pharyngeal teeth moderately strong, subconical. 32 to 34 scales

in a longitudinal series. Dorsal XY-XVI 10 ; last spine f to ^
length of head. Anal III 9-10. Pectoral a little longer than

head, reaching anal. Caudal densely scaled, emarginate.

Cauidal peduncle a little longer than deep. Silvery or bluish;

an opercular spot ; sometimes a broad dark ba,nd on each side of

back aud a.nother on middle of side ; soft dorsal with series

of spots.

The type (220 mm.) and two specimens of 3 80 and 200 mm.
(Wood).

,

6. Astatotilapia Pellegr., 1904

(type Labrus desfontainesii Lacep.).

Near Hajjlochromis, but posterior teeth of outer series of upper

jaw increasing in size backwards. Teeth in 3 to 5 series,

cuspidate or conical, those of outer series of upper jaw sometimes

bicuspid anteriorly, conical posteriorly ; band of teeth in lower

jaw crescentic. Middle teeth of lower pharyngeal somewhat
enlarged. Dorsal XIIT-XYII 8-11. Anal III 7-11. Scales

26 to 36.

Africa.

This genus includes three species placed byBoulerger in Tilcqna,

namely, T. syivnnertoni, T. htirtoni, and T. calUptera, and four

included by him in Haplochroviis, H. strigigena, H. onoffati,

H. desfontainesii, and H. moeruensis. These are all closely

related, agreeing in the form and size of the mouth, the rather

short pectorals, comparatively short caudal peduncle (as long as

deep), and the rounded caudal.

Astatotilapia calliptera Giinth., 1893.

Tilapia calliptera Bouleng. Cat. Afr. Fish. iii. p. 222,' fig. 145.

Depth of body 2| to 2i in length, length of head 2| to 3-i-.

Snout with straight profile, shorter than postorbital part of head.

Diameter of eye 3.j to 4^ in length of head, in adult scarcely

greater than depth of prfeorbital ; interorbital width 3^ to 4j in

length of head. Jaws equal anteriorly; maxillary extending to

below anterior edge of eye ; teeth in 3 to 5 series, 40 to 60 in

outer series of upper jaw, the anterior bicuspid, the last 2 or 3

(young) or 8 or 9 (adult), conical, increasing in size posteriorly.

3 to 5 series of scales on cheek. 8 to 10 gill-rakers on lower part
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of iinterior arch. Middle pharyngeal teeth rather strong, conical

in adult. 29 to 33 scales in a longitudinal series, 5 or 6 from
origin of dorsal to lateral line. Dorsal XIV-XYI 8-11 ; last

spine
-f

to 2 length of head. Anal III 7-9
; third spine stronger

and usually shorter than last dorsal. Pectoral shorter than head,

not reaching anal. Caudal rounded. Caudal peduncle as long

as deep. An opercular spot and a dark bar from eye to end of

maxillary ; body with or without dark cross-bai'S and a dark
lateral band ; dorsal and caudal sometimes spotted ; males with
lower fins blackish, the anal with 2 to 6 rounded orange spots.

Nyassa and Zambezi.
Numerous specimens, 65 to 140 mm. in total length.

7. PSEUDOTKOPHEUS, gen. n.

(type CJiromis loiUiamsi Giinth.).

Jaws with several series of teeth anteriorly, the outer bicuspid,

the inner small and tricuspid, forming rather broad curved or

transverse bands ; uppei- jaw with a series of conical teeth on
each side posteriorly, more or less sharply diflerentiated, some
or all larger than the last bicuspid teeth ; lower jaw short and
l)road, with the lateral margin of the band of teeth incurved,
and with a series of teeth on each side behind the band.
Dorsal XVI-XIX 8-10. Anal III 7-9. Scales denticulate.

Xyassa ; five species.

Text-fio'ure 2.

•^WaS^i^ll^^jSO

a. Dentition of FseudotropJieus tropheops.

b, ,,
Tropheus nioorii.

Si/nopsis of Sjjecies,

I. Jaws equal anteriovl}'.

D. XVI-XVII 9. A. Ill 8. 4 sei'ies of scales on clieek 1. williamsi.

D. XV'IIl 9. A. Ill 9. 5 01- 6 series of scales on cheek 2. eebra.

IF. Lower jaw shorter tlian npper; mouth rounded.

I). XVIH 9. A. Ill 8. Depth 3 in length 3. novemfasciafus

D. XIX 8. A.III7. Depth 3f in length A. aaraius.

III. Mouth subterminal, transverse; snout verj' convex.

D. XVII 10. A. Ill 8 b. tmphcops.
46*



682 MR. C. TATE REGAN ON THE

1. PSEUDOTROPHEUS WILLIAMS! Guntl)., 1893.

Chromis williamsi Glinth. P. Z. S. 1893, p. 624, pi. Ivi. fig. 0.

Tilapia livingstonii Bouleng. P. Z.S. 1899, p. 134, pi. x. lig. 2;

Cat. Afr. Fish. iii. p. 243, fig. 162.

Tilapia wiUiamsi Bouleng. Oat. Afr. Fish. iii. p. 225, fig. 147.

Depth of body equal to length of head, 3 in length of fish.

Upper profile of head convex ; snout as long as or a little longer

than diameter of eye, which is 34 to 4 in length of head, nearly

equal to or greater than the interorbital width, depth of cheek,

or prseorbital. Mouth terminal, rounded ; maxillary extending to

below anterior edge of eye ; teeth in 5 or 6 series, inner small,

tricuspid ; 40 to 52 teeth in outer series of upper jaw, the last

3 or 4 (young) or 6 to 9 (adult) on each side conical, enlarged

and sharply dirrerentia.ted from the rest, which are bicuspid.

4 series of scales on cheek. 9 or 10 gill-rakers on lower part

of anterior arch. Pharyngeal teeth small, slender. 33 scales

in a longitudinal series, 6 from origin of dorsal to lateral line.

Dorsal XVI-XVIl 9 ; last spine a little less than | length of

head. Anal III 8 ; third spine a little shorter than dorsal.

Pectoral | length of head, not reaching anal. Caudal truncate?,

densely scaled in basal half. Caudal peduncle as long as or a

little longer than deep. Body with 6 dark cross-bars, or bars

represented by a series of spots above lateral line and another on
middle of side; an opercular s2:)ot and a dark bar or spot on base

of caudal ; two round white (? orange) spots on anal fin (pro-

bably absent in $ ).

Two specimens, types of the species and of T. livinr/sionii, 105

and 75 mm. long.

2. PsEUDOTROPHEUS ZEBRA Bouleng., 1899.

Tilapia zebra Bouleng. Cat. Afr. Fish. iii. p. 244, fig. 163 (1915).

Depth of body 2| in length, length of head 3i. Snout de-

curved, a little longer than diameter of eye, Avhich is 4 in length

of head, a little greater than depth of pra?orbital, equal to depth

of cheek; interorbital width 3 in length of head. Mouth ter-

minal, rounded, rather wide; javi^s equal anteriorly: maxillary

extending to vertical from anterior edge of eye ; teeth in 4 or 5

series. 56 in outer series of upper jaw, the last 8 or 9 conical.

5 or 6 series of scales on cheek. 12 gill-rakers on lower part of

anterior arch. 31 scales in a longitudinal series, 8 from origin of

doi'sal to lateral line. Dorsal XVIII 9 ; last spine nearly | length

of head. Anal III 9 ; third spine a little shorter than last dorsal.

Pectoral neai'ly as long as head, not reaching anal. Caudal

proba^bly truncate, 'densely scaled at base. Caudal peduncle a

little deeper than long. A dark bar between eyes, a second from
opercular spot to occiput ; 6 vertical bars on body, the first from

origin of dorsal to base of pectoral, the sixth from soft dorsal to

anal ; three round pale (? orange) spots on anal in male.

The type, 105 mm. in total length.
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3. PSEUDOTROPHEUS NOVEMFASCIATUS, Sp. 11.

Depth of body 3 in length, length of head 3|. Snout with

convex profile, as long as diameter of eye, which is 3g in length

of head, equal to interorbital width, greater than depth of

praeoi'bital or cheek. Mouth rounded, lower jaw shorter than

upper ; maxillary reaching vertical from anterior edge of eye
;

teeth in 5 or 6 series, about 40 in outer series of upper jaw,

anteriorly bicuspid, the last 6 to 8 on each side conical, some
enlarged. 5 series of scales on cheek. 10 gill-rakers on lower

part of anterior arch. Pharyngeal teeth small. 32 scales in

a longitudinal series, 6 from origin of dorsal to lateral line.

Dorsal XVIII 9 ; last spine i length of head. Anal III 8 ; third

spine as long as and. stronger than last dorsal. Pectoral shorter

than head, not reaching anal. Caudal truncate. Caudal peduncle

as long as deep. Body crossed by 9 dark vertical bars, the first

6 corresponding to the 6 of F. zebra, the last 2 on caudal

peduncle ; end of snout and lower jaw blackish ; an opercular

spot and a spot on base of caudal ; a faint dark band on lateral

line and another on middle of side; spinous dorsal with a dusky
intramarginal band ; soft dorsal and caudal with series of spots.

A single specimen, 65 mm. in total length {Wood).

4. PsEUDOTROPHEUS AURATUS Bouleng., 1897.

Tilcqna aurata Bouleng. Cat. Afr. Fish. iii. p. 246, fig. 164.

Depth of body 3| in length, length of head ?>^. Snout with

convex profile, a little longer than diameter of eye, which is 4 in

length of head, a little greater than interorbital Avidth, depth of

prfeorbital, or cheelc. Mouth rounded ; lower jaw shorter than

upper; maxillary nearly reaching vei'tical from anterior edge of

eye; teeth in 5 or 6 series, 45 in outer series of upper jaw, the

last 4 or 5 conical, enlarged. 4 series of scales on cheek. 9 oi-

10 gill-rakers on lower part of anterior arch. 33 scales in a

longitudinal series. Dorsal XIX 8 : last spine -| length of head.

Anal III 7 ; third spine as long as last dorsal. Pectoral | length

of head, not reaching anal. Caudal densely scaled, truncate.

Caudal peduncle a little longer than deep. Lips blackish ; two
black bands between eyes ; a black stripe from eye, ending in a

spot on base of caudal ; a second near edge of back, a third on

dorsal fin.

The type, 75 mm. in total length.

5. PsEUDOTROPHEUS TROPHEors, sp. n. (Text-fig. 3.)

Depth of ho(\j 2| to 3 in length, length of head 3|. Upper
profile of head very convex ; snout as long as diameter of eye.

which is 3| in length of head, slightly exceeds prasorbital depth and

equals depth of cheek ; interorbital region convex, its width If to

•2| in length of head. Mouth subterminal, transverse
;
jaws with 8

series of small cuspidate teeth ; a series of 6 to 8 Avell-differentiated

conical teeth on each side of prfcmaxillary. 4 series of scales on
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cheek. 9 gill-i-alcers on lower part of anterior arch. Pharjmgeal

teeth small, slender. 33 scales in a lonoitudinal series, 6 from

origin of dorsal to lateral line. Dorsal XYII 10 ; last spine

A length of head. Anal Ifl 8 ; third spine stronger and as long-

as or a little shorter than last dorsal. Pectoral a little shorter

than head, not reaching anal. Candal seal}', truncate. Caudal

peduncle as long as or a little longei' tha,n deep. Traces of dark

cross-bars on body beai-ing a, series of darker spots above lateral

line and another on middle of side ; an opercular spot and a spot

on base of caudal ; doi-sal with a bla,ckish intramarginal band.

Two specimens, IIG and 122 mm. in total length (Wood).

Text-figure 3.

•'I'

Fseudotroplteus tro^jJ/eojjs. f.

8. CYXoiiLAriA, gen. n.

Near Pseudotropheas, but teeth conical, in a few series, outer

large, in lower jaw forming distinct ca,nines anteriorly.

Nyassa ; a single species.

Cynotilapia afka Giiuth., 1893.

Paratilapia afra Bouleng. Cat. Afr. Fish. iii. p. 325, tig. 218.

Depth of bod}^ 2| to 3 in length, length of head 3 to 3|. Sn'out

decurved, a,s long as or a little longer than diameter of eye,

which is 3g to 3g in length of hea.d, greater than preeorbital

depth ; interorbital width 3i in lengtli of hea.d. Jaws equal

anteriorly ; maxillary not quite reaching vertical fi'om anterioi'

edge of eye ; teeth conical, triserial, outer large, 28 to 32 in upper
jaw ; lower jaw with four strong anterior canines. 3 or 4 series

of scales in cheek. 14 or 15 gill-rakei\s on lower part of anterior

arch. 33 scales in a longitudinal series, 6 from origin of dorsal
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to lateral line. Dorsal XYII 9 ; last spine f to | length of head.

Anal III 8 ; third spine stronger and as long as or a little shorter

than last dorsal. Pectoral shor-ter than head, not reaching anal.

Caudal ? Caudal peduncle as long as or longer than deep.

The types, 85 and 95 mm. in total length.

9. Serbanochromis Regan, 1920.

As Hajilochromis, but third vertebra without inferior apophyses,

fourth with a very small pair. Mouth large ; teeth conical

;

cheek deep, with 7 to 9 series of scales.

A single species.

Serranochromis thumbergii Casteln., 1861.

Paratilcqna thumbergii Bouleng. Cat. Afr. Fish, iii, p. 328,

fig. 220.

ISTyassa and Zambezi ; Katanga and L. Bangwelu ; L. Ngami

;

Angola

.

10. Haplochromis Hilgend., 1888

(type H. ohliquidens Hilgend.).

Ctenochromis Pfeff"., 1893 ('pectoral is).

Champsochromis Bouleng., 1915 {cmruleus).

An outer series of bicuspid or conical teeth, decreasing in size

posteriorly, and one or more inner series of smaller biciispid^or

Text-fia;ure 4.

a. Lower p}iar3'iigeal of Haplochromis tetrastigma.

b. ,, ,, a. placodon.

conical teeth. 2 to 6 series of scales on cheek. Scales usually

distinctly denticulate. Pharyngeal apophysis formed by para-

sphenoid in middle and basioccipital at sides. Third A^ertebra

with inferior apophyses, which meet below.

52 species of this genus occur in ISTyassa, all of them endemic.

In the great number and diversity of species of Hajolochromis
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Nyassa resembles Yictoria and differs notably from Tanganyika.

In the Nyassa species the caudal fin is truncate or emarginate,

and appears to be always nearly completely covered with small

scales in the adult fish ; this feature, the prevalence of a few

distinctive types of coloration, and the absence of evident

i"elationship to species found elsewhere lead to the conclusion

that the Nyassa species are a natural group and may perhaps

have evolved in the lake from a single ancestral form. This

conclusion is fortified by the study of such skeletons as are

available.

The differences in the pharyngeal dentition between closely

related species are sometimes very striking ; the best examples

of this are R. tetrastigma and H. placodon, and H. similis and

H. kirhli ; these cases make it evident that it is not desirable to

regard the development of large, round, blunt pharyngeal teeth

as warranting generic separation.

Synopsis of the Nyassa Species.

I. Snout not longer than postorbital part of head.

A. Pectoral fin with series of spots on the rays.

Lower jaw projecting 1. limngstonii.

Jaws equal; depth of body 2f to 3 in length 2. polystigma.
Jaws equal; depth 2f in length 3. maculimanus.

B. Pectoral fin immaculate.
1. Prffimaxillary pedicels not extending beyond anterior edge of orbits.

a. Body with a series of dark spots on back alternating with a series on or

abiive middle of side, or uniting with them to form irregular cross-

bars. Jaws equal; outer teeth mostly bicuspid.

Pharj'ngeal teeth small ; spots very large 4. simulans.

Middle pharj'ngeal teeth enlarged, blunt ; caudal peduncle

1J to If as long as deep *
5. suhocularis.

Middle pharyngeal teeth enlarged, blunt ; caudal peduncle
a little longer than deep 6. ornatus.

b. Body with 6 dark cross-bars. Lower jaw projecting; outer teeth

bicuspid.

Pharyngeal teeth small 7. JoJmstoni.

Lower pharyngeal with a group of enlarged blunt teeth ... 8. se.vfasciattis.

c. Body with a dark lateral stripe, slightlj^ curved anteriorly, from head to

caudal tin. Outer teeth bicuspid.

a. Lower jaw a little projecting; middle pharyngeal teeth stout and
blunt 9. kirkii.

(3. Jaws equal; pharyngeal teeth small.

Caudal truncate or slightly emarginate 10. similis.

Caudal rather deeplj' emarginate; 45 to 60 teeth in outer

series 11. breviceps.

Caudal rather deeply emarginate ; 24 to 30 teeth in outer

series 12. microstoma.

d. Body with a dark lateral band on tail, continued forward as a series ot

spots. Teeth conical. Lower jaw projecting. 13. urotceiiia.

e. Body with a straight dark band or stripe from head to caudal fin.

Teeth conical. Lower jaw projecting.

a. Mouth little oblique, below level of eye.

Caudal truncate or very slightly emarginate 14. fuscotceniafus.

Caudal distinctlj' emarginate 15. holotcsnia.

B. Mouth very oblique, anteriorly on a level with ej-e.

Depth of body 2| to 24 in length 16. strigatns.

Depth of body 4 in length 17. dimidiatus.
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f. An opercular spot and a blaclcisli spot on or under lateral line below
middle of spinous dorsal ; often a tliird spot below soft dorsal and a
fourtli at base of caudal J.

Of. 8 to 13 g-ill-rakers on lower part of anterior arcli (? H. iiiiermedius).
* Outer teeth bicirspid; lower jaw not projecting.

Maxillarj- extending to below ej'e 18. « uritus.
Maxillary not extending to below eye

;
pharyngeal teeth

small .'. 19. teti-astigma.
Maxillary not extending to below eye ;

pharyngeal teeth
large, rounded, blunt 20. placodon.

** Outer teeth conical ; lower jaw projecting (? S. intermecUus)

.

Snout a little shorter than postorbital part of head ; last

dorsal .spine nearly h length of head 21. iiitermedius.
Snout as long as postorbital part of head ; last dorsal

spine J, interorbital width ^ length of head 23. vwdestus.
Snout as long as postorbital part of head ; last dorsal spine

g- to f, interorbital width J or | length of head 23. icoodi.

f3. 17 to 28 gill-rakers on lower part of anterior arch.

17 to 21 gill-rakers
; 15 or 16 dorsal spines 24. chri/soiiofus.

23 to 28 gill-rakers; 17 or 18 dorsal spines 25. quadrimaculatus.

g. A dark band from nape or origin of dorsal to base of caudal (sometimes
faint or absent in large specimens).

«. Lower pharyngeal with a group of large, rounded, blunt teeth.

Jaws equal; caudal peduncle 1^ to Ij as long as deep 26. sphcerodon.

Jaws equal; caudal peduncle If as long as deep 27. ericotmnia.

Lower jaw projecting 28. lateristriga.

ji. Lower pharyngeal teeth of the 2 middle series a little enlarged.

Eye 3 to 4 in head (in specimens of 70 to 110 mm.) 29. ]plagiot(Bnia.

Eye 3 to 3§ in head (in specimens of 120 to 170 mui.) ... 30. melanotania.

y. Pharyngeal teeth small ; outer teeth of jaws foraiing a close-set series,

usually bicuspid in young, some or all conical in adult.
* Lower jaw a little shorter than upper ... 31. guentheri.
** Jaws equal ; 18 or 19 dorsal spines 32. melanonotus.

*** Jaws equal or lower a little projecting ; 15 to 17 dorsal spines.

t Maxillary extending to vertical from anterior edge of eye.

8 or 9 gill-rakers on lower part of anterior arch 33. hrevis.

12 gill-rakers ; 35 or 36 scales ; caudal peduncle 1\ as long

as deep 34. nototeenia.

11 to 13 gill-rakers ; 37 to 39 scales ; caudal peduncle If
to 2 as long as deep 35. lepturus.

tf Maxillary not extending to below eye.

Scales 35 to 37 ; last dorsal spine ^ to J head 36. rhoadesii.

Scales 33 or 34 ; last dorsal spine quite f head 37. atritceniatus.

S. Pharyngeal teeth slender; outer teeth of jaws conical, rather strong,

and sjDaced.

* Third anal spine as long as last dorsal ;
pelvic fins shorter than

head 38. spilorhr/nclnis.

** Third anal spine shorter than last dorsal
;
pelvic fins as long as

head.

Maxillarj" not quite reaching vertical from anterior edge

of eye 39. longipes.

Maxillarj^ not nearly reaching vertical- from anterior edge

oi eye '

, 40. cceruleus.

h. Coloration silver}', sometimes with faint dark cross-bars.

a. Maxillary extending to below anterior edge of eye.

Lower pharyngeal with a group of enlarged teeth with

spherical crowns 41. macrocJdr.

Posterior teeth of 2 middle series of lower pharyngeal

somewhat enlarged , 42. argijrosoma.

X I include H". modestus here, but its coloration is unknown ; the type, as

preserved, is uniformly brownish.
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(3. Maxillaiy not extending to below ej-e.

Lower jaw a little tlie shorter ; 12 or 13 gill- rakers on lower

part of anterior arch 43. macropJitJialmus.

Jaws equal anteriorly; 11 gill-rakers on lower part of

anterior arch 44. leitoisciis.

Jaws equal ; 15 or 16 gill-rakers ,.. 45. inornatus.

Lower jaw a little the shorter ; 16 or 17 gill-rakers 46. micrentodon.

2. Pra?maxillarj' pedicels extending to between middle of orbits.

47. eucinostomus.
II. Snout longer than postorbital part of head.

A. Lower jaw projecting ; maxillary not extending to below e3'e.

Teeth cuspidate ; caudal emarginate 48. prceorlitalis.

Teeth conical; caudal truncate 49. compressiceps.

B. .laws equal anteriorly ; maxillary' not extending to below ej-e.

15 to 17 gill-rakcrs on lower part of anterior arch 50. macrorln/nchus.
19 or 20 gill-rakcrs on lower part of anterior arch 51. rostratus.

C. Jaws equal auteriorlj'; maxillary extending to below eye.

52. macrostoma.

1. Haplochromis livingstonii Giinth., 1893.

Maplochromis livingstonil (part.) Bouleiio-. Cat. Afr. Fish. iii.

p. 286,.%. 194.

Deptli of body 2| to 3 in length, length of head 2| to 3.

Snout with straight profile, 1| to 2 diameter of eye, which is 4|
to 5g in length of head, interorbital width Sj to 4, depth of prse-

orbital 3^ to 4. Lower jaw projecting ; maxillar}- not extending
to below eye ; teeth in 3 or 4 series, outer bicuspid and inner
tricuspid in young, all conical in adult, 50 to 60 in outer series of

upper jaw. 4 or 5 series of scales on cheek. 11 or 12 gill-rakers

on lower part of anterior arch. Pharyngeal teeth small. 33 to

35 scales in a longitudinal series, 6 or 7 from origin of dorsal to

lateral line. Dor,sal XVI 10-11 ; last spine 3 to | length of head.

Anal III 9-10 ; third spine 5 to | head. Pectoral a little shorter

than head, reaching origin of anal. Caudal truncate or slightly

emarg-inate. Caudal peduncle longer than deep. Silvery
( § )

or bluish grey (J ) ; a dark bar from eye to end of maxillaiy ; a
large opercuLir spot; body marbled with blackish, the spots and
bands constantly nearly as in the figure of the type

;
pectoral

with series of small spots on the rays : dorsal and anal, in male,

blackish with pale edge.

The type, 120 mm. long, and three specimens of 200 to 230 mm.
{Wood).

2. Haplochromis polystigma, sp. n. (PL I.)

TJaplocliromis Uvingstonii (pai^t.) Bouleng. Cat. Afr. Fish. iii.

p. 286.

Depth of body 2 1 to 3 in length, length of head about 3.

Snout with straight profile, 1| to 2| diameter of eye, which is 4
to 6 in length of head, interorbital width 3-g- to 4, depth of prse-

orbital 3| to 4|. Jaws equal anteriorly ; maxillary not extend-

ing to below eye ; teeth in 3 or 4 series in upper jaw, 2 or 3 in

lower, outer bicuspid and inner tricuspid in young, all conical
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in adult, 50 to 65 in outer series of upper jaw. 4 or 5 series of

scales on cheek. 10 to 13 gill-rakers on lower part of anterior

arcb. Pharyngeal teeth small. 32 to 34 scales in a longitudinal

seines, 6 from origin of dorsil to lateral line. Dorsal XVI 10-

11 ; last spine i to | length of head. Anal III 9-10 ; third

spine usually a little sliorter than last dorsal. Pectoi-al as long

as or a little shorter than head, neai'ly or quite reaching anal.

Caudal truncate or slightly emarginate. Caudal peduncle longer

than deep. Body with large irregular brown spots tending to

run together to form 3 longitudinal bands ; head, body, and
vertical fins covered with numerous small dark spots

;
pectoi'al

v/itii series of spots on the i-ays.

Six specimens (Wood), 120-210 mm. in total length; two
others [Rhoades, Cunnington) also belong to this species.

3. Haplochromis maculijiaxus, sp, n.

Paratilajyia modesta (part.) Bonleng. Cat. Afr. Fish. iii. p. 326.

Depth of body 2|- in length, length of head nearly 3. Snout
with straight profile, shoi'ter than postorbital part of head.

Diameter of eye 5 in length of heaxl, a little less than pi'reorbital

depth, I depth of cheek; interorbital width 4 in head. Jaws
equal anteriorly ; maxillary not extending to below eye ; teeth

conical, in 4 series, about 80 in outer series of upper jaw.

5 series of scales on cheek. 11 gill-rakers on lower part of

anterior arch. Pharj'ugeal teeth small. 33 scales in a longi-

tudinal series, 7 from origin of dorsal to lateral line. Dorsal XYI
11. Anal III 10; third spine j head, a little shorter than last

dorsal. Caudal peduncle a little longer than deep. Traces of

dark cross-bars
;
pectoral with several transverse series of small

dark spots.

A single specimen, 190 mm. long [Moore).

4, Haplochhomis simulans, sp. n. (Text-fig. 5.)

Depth of body 2^ in the length, length of head 3 to 3^. Snout
with straight or convex profile, 1| to 1| diaineter of eye, which

is 3| to 4| in length of head, interorbital width 4, depth of pra3-

orbital 4 to 4^. Jaws equal anteriorly ; maxillary not extending

to below eye : teeth in 4 to 6 series, outer bicuspid, or posteriorly

conical in adults, 60 to 75 in outer series of upper jaw. 3 or 4

series of scales on cheek. 10 gill-rakers on lower part of anterior

arch. Pharyngeal teeth small. 32 to 34 scales in a longitudinal

series, 6 or 7 from origin of dorsal to lateral line. Dorsal XVI
10-11 ; last spine ^ to more than -| length of head. Anal III 9

;

third spine as long as last dorsal. Pectoi-al as long as or a little

shorter than head, nearly or quite reaching anal. Caudal ti'un-

cate or slightly emarginate. Caudal peduncle as long as or a

little longer than deep. Silvery or yellowish ; a dark bar below

eye ; an opercular spot ; 4 large dark spots on back alternating
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with 4 very large, vei-tically expanded spots on side, the spots
sometimes conflueDt to form broad irregular cross-bands ; dorsal
and anal dusky with yellow margin, or anal pale yellow ; caudal
dusky above, yellow below.

Four specimens, 130 to 190 mm. in total length (Wood).

Text-fio-uve 5.

"^^mmm,,^ _,
^

Jlaplochromis simulans. h.

This species bears a great resemblance and is probably closely

related to Cyrtocara venusta, but differs in the structure of the

spinous dorsal fin.

5. Haplochromis subocularls Giinth., 1893.

P.Z. S. p. 621, pi. liv. fig. B.

Tilapia johnstoni (part.) Bouleng. Cat. Afr. Fish. iii. p. 249.

Depth of body 3 to 3|^ in length, length of head 3-1 to 31.

Snout \\ ith stiaight or slightly convex profile, a little longer than
diameter of eye, which is 3| to 3| in length of head ; inter-

orbital width 3| to 4 in head, depth of prteorbital 4|. Jaws
equal anteriorly ; maxillary not extending to below eye; teeth in

4 or 5 series, outer bicuspid, 40 to 50 in outer series of upper
jaw. 3 series of scales on cheek. 10 gill-rakers on lower part of

anterior arch. Middle pharyngeal teeth enlarged, rounded, blunt.

32 or 33 scales in a longitudinal series, 5 or 6 from origin of

dorsal to lateral line. Dorsal XV 11-12; last spine
-f

to ^ length

of head. Anal III 8 ; third spine 3 to | head. Pectoral as long

as head, nearly or quite reaching anal. Caudal truncate or slightly

emarginate. Caudal peduncle Ij to 1| as long as deep. Two
dark bars across nape ; 4 dark spots at base of dorsal alternating

with a series above middle of side ; 2 large spots on caudal

peduncle ; dorsal and caudal with series of spots.

Two specimens, 120 and 140 mm. in total length.
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6. Haplochromts ornatus, sp. n. (Text- fig. 6.)

Depth of body equal to length of head, 2| in length of fish.

Snout with slightly convex profile, as long as postorbital part of

head. Diameter of eye 1| depth of praiorbital, greater than
depth of cheek, 3| in length of head : interorbital width 4 in

length of head. Jaws equal anteriorly ; lips thick ; maxillaiy
not extending to below eye ; teeth in 3 series in upper jaw, 4 in

the lower
; 52 bicuspid teeth in outer series of upper jaw. 3 series

of scales on cheek. 12 gill-rakers on lower j^art of anterior arch.

Middle pharyngeal teeth enlarged, rounded, blunt. 31 scales in

a longitudinal series, 6 from origin of dorsal to lateral line.

Dorsal XVI 10; spines rather strong, last a little more than |-

length of head. Anal III 9 ; third spine stronger than dorsals,

'Text-fi<>iiro (I.

^- ^

~m

Haplochromis ornatiis. f.

I- head. Pectoral nearly as long as head, reaching anal. Caudal

feebly emargina.te. Caudal peduncle a little longer than deep.

Silvery ; an opercular spot and a spot above eye ; 5 dark spots at

base of dorsal alternating with a series above middle of side
;

2 dark, bars across upper k of caudal peduncle ; dorsal and caudal

with series of spots.

A single specimen, 140 mm. in total length lyWoocl).

7. Haplociiromis johnstoni Giinth., 1893.

Tilajyia johnstoni (part.) Bouleng. Cat. Afr. Fish. iii. p. 249.

fig. 167.

Depth of body 2| in length, length of head 3. Snout with

straight pi-ofile, as long as postorbital part of head. Diameter of

eye 4 in length of head, interorbital width 41, depth of pras-

orbital 4^. Lower jaw projecting ; maxillary Hot extending to

below eye; teeth in 3 or 4 series, outer bicuspid, 50 in outer

series of upper jaw. 3 series of scales on cheek. 11 gill-rakers
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on lower part of anterior arch. Pharyngeal teeth small, com-

pressed. 31 scales in a longitudinal series, 5 from origin of dorsal

to lateral line. Doi-sal XVI 10 ; last spine a little less than i

length of head. Anal III 9 ; third spine stronger than dorsals,

nearly 4 head. Pectoral i head, reaching origin of anal. Caudal

truncalte or slightly emarginate. Caudal peduncle 1^ as long as

deep. Silvery; a dark bar from eye to angle of mouth; 6 dark

bars on body, the first downwards from nape, the fifth from end

of dorsal to behind anal ; series of spots on dorsal and caudal.

The type, 120 mm. in total length.

8. Haplochromis sexfascjatus, sp. n. (Text-fig. 7.)

Depth of body 2? to 2i in the length, length of head 3. Upper
profile of head a little concave ; snout 1| to 2 diameter of eye,

which is 4 to 5 in length of head, interoi-bital Avidth 3| to A^,

prfeorbital depth 4 to 41. Lower jaw projecting: maxillary not

Text-fis'ure 7.

SaplocJiromis se.rfasciattis. i.

extending to below eye ; teeth in 3 to 5 series, 40 to 60 bicuspid

teeth in outer series of upper jaw. 3 or 4 series of scales on

cheek. 11 or 12 gill-rakers on lower part of anterior arch.

Lower pharyngeal with a group of moderately enlarged blunt

rounded teeth in the middle posteriorly. 32 scales in a longi-

tudinal series, 6 from origin of dorsal to lateral line. Dorsal XV
11 ; last spine |- to nearly | length of head. Anal III 8-9;

third spine stronger than last dorsal, 3 to |- head. Pectoral f to g
length of head, reaching origin of anal. Caudal truncate or

slightly emarginate. Caudal peduncle Ij as long as deep. Body
with 6 blackish cross-bars ; dorsal and caudal with series of spots.

Two specimens, 100 and 170 mm. in total length {Wood).
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9, Haplochkomis kirkii Giintli., 1893.

Tilajna kirkii (part.) Bouleng. Cat. Afr. Fish. iii. p. 25 1 , fig. 1 69.

Depth of body 2| to 2| in lengtli, length of head about 3.

Snout with straight profile, 1| to H diameter of eye, which is 3|
to 4| in length of head, in adult equal to prpeorbital depth ; inter-

orbital width 3.^ to 4| in length of head. Lower jaw a little

projecting ; maxillary extending to between nostril and eye

;

teeth in 4 or 5 well-separated series, inner tricuspid, outer
bicuspid ; 40 to 45 in outer series of upper jaw. 3 or 4 series of

scales on cheek. 11 or 12 gill-rakers on lower part of anterior

arch. Middle pharyngeal teeth stout and blunt. 31 to 33 scales

in a longitudinal series, 5 or 6 from origin of dorsal to lateral

line. Dorsal XY 10-11
; last spine | to | length of head.

Anal III 8-10 ; third spine as long as or a little shorter than last

dorsal. Pectoral as long as or a little shorter than head, reaching
origin of anal. Caudal truncate or slightly emai'ginate. Caudal
peduncle 1^ to 1| as long as deep. A dark stripe from operculum
to caudal. Usually a stripe or a series of spot-s above upper
lateral line and another at base of dorsal ; dorsal and caudal Avith

series of spots ; anal with ocelli in males.

Seven specimens, 100-160 mm. long (Johnston, Ii.endall, Wood).

Text-fio-ure 8.

IfajJ lochrom is si))in is

.

10, Haplochromis similis, sp. n. (Text- fig. 8.)

Depth of body 2^ to 2i in length, length of head 3 to 3-i.

Snout with straight or slightly convex profile, as long as or
longer than diameter of eye, which is 3^ to 3| in length of head,
greater than prseorbital depth ; interorbital width 3^ to 3| in
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length of head. Jaws equal anteriorly ; maxillary ending between

nostril and eye ; teeth in 4 to 6 series, outer bicuspid, inner

tricuspid, 40 to 52 in outer series of upper jaw. 3 or 4 series of

scales on cheek. 11 to 13 gill-i^akers on lower part of anterior

arch. Pharyngeal teeth small. 32 or 33 scales in a longitudinal

series, 5 or 6 from origin of dorsal to lateral line. Dorsal XVI-
XYII 9-10; last spine | to | length of head. Anal III 9-10;

third spine a little shorter than last dorsal. Pectoral as long as

or a little shorter than head, nearly or quite reaching anal.

Caudal truncate or slightly emarginate. Caudal peduncle I5 to

1^ as long as deep. Coloration as in II. hirkii.

Five specimens, 120-150 mm. long {Wood).

11. Haplochromis breviceps, sp. n. (Text-fig. 9.)

Depth of body 3 in the length, length of head 3|-. Snout a

little shorter or longer than diameter of eye, which is 3 to 3 1 in

length of head, greater than depth of prseorbital or cheek ; inter-

orbital width -4 in length of head. Jaws equal anteriorly;

maxillar}^ not extending to below ejQ ; teeth in 2 or 3 series

;

Text-fio-ure 9.

SajjIocJiromis breviceps. f.

45 to 60 bicuspid teeth in outer series of upper jaw ; 2 series of

scales on cheek. 14 gill-rakers on lower part of anterior arch.

Pharyngeal teeth small. 33 to 35 scales in a longitudinal series,

5 or 6 from origin of dorsal to lateral line. Dorsal XVI-XVII
11 ; last spine ?- length of head. Anal III 9 ; third spine

stronger than dorsals, ^ or a little more than 4- head. Pectoral

as long as head, not reaching anal. Caudal emarginate. Caudal
peduncle 1| as long as deep. Silvery ; a narrow dusky band
from opercular spot to base of caudal, another along upper lateral

line, a third at base of dorsal. Dorsal and caudal with series of

orange spots ; male with ocelli in anal.

Two specimens, 85 and 135 mm. in total length (Wood).
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12. Haplochromis microstoma, sp. n. (Text-fig. 10.)

Tilapia kirkii (part.) Pouleng. Cat. Afr. Fish. iii. p. 251.

Depth of body 3 in length, length of head 3^ to 3|-. Snout

straight, as long as or longer than diameter of eye, which is 3^
to 4 in length of head, a little or considerably greater than prse-

orbital depth ; interorbital width 4 in length of head. Mouth
small ;

jaws equal anteriorly ; maxillary ending a little behind

nostril ; teeth in 4 well-sepai^ated series, inner tricuspid, outer

bicuspid, 24 to 30 in outer series of upper jaw. 3 or 4 series of

scales on cheek. 11 gill-rakers on lower part of anterior arch.

Text-fiffure 10.

Saplocliromis microstoma, f.

Pharyngeal teeth small. 33 or 34 scales in a longitudinal series,

5 or 6 from origin of dorsal to lateral line. Dorsal XVII 11 ;

last spine f to ;j length of head. Anal III 9 ; third spine a little

shorter than last dorsal. Pectoral as long as head, not reaching

anal. Caudal deeply emarginate. Caudal peduncle li as long as

deep. Silvery ; a dark lateral band from operculum to base of

caudal ; two series of small dark spots, one at base of dorsal, the

other above lateral line ; dorsal spotted.

Two specimens, 80 mm. {Wood) and 115 mm. [Ehoades) in

length.

13. HapLOCHROMIS UROTiENIA, sp. n. (Text-fig. 11.)

Depth of body 2| to 3 in length, length of head 24- to 3. Snout

with straight upper profile, in adult as long as postorbital part

of head. Diameter of eye 4 to 4| in length of head, equal to

or a little less than praeorbital depth, less than depth of cheek;

interorbital width 3| to 4 in length of head. Lower jaw a little

projecting ; maxillary not quite reaching vertical from anterior

edge of eye ; teeth conical in 2 or 3 series, 35 to 45 in outer

Proc. Zool. Soc—1921, No. XLYII. 47
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series of upper jaw. 3 or 4 series of scales on cheek. 11 or 12

gill-rakers on lower part of anterior arch. Pharyngeal teeth

slender. 33 scales in a longitudinal series, 5 or 6 from origin of

dorsal to lateral line. Dorsal XYI 9-10 ; last spine about J-

length of head. Anal III 8-9 ; third spine stronger and shorter

than last dorsal. Pectoi-al 4 head, nearly or quite reaching anal.

Text-figure 11.

Haplocliromis iirotcenia. f

.

Caudal truncate or feebly emarginate. Caudal peduncle 11 to

1| as long as deep. A series of about 8 dark spots near doi'sal

profile, a second above latei-al line, a third on middle of side

posteriorly confluent to form a band ; dorsal with series of spots.

Three specimens, 170 to 200 mm. in total length (]Vood).

14. Haplochromis fuscot^niatus, sp. n. (Text-fig. 1 2.)

Depth of body 2| in length, length of head 2|. Head 2| as

long as broad. Snout a little concave in front of eye, thence

straight, nearly twice as long as diameter of eye, which is 5 in

length of head, interorbital width 5, prjeorbital depth 4. Lower
jaw a little projecting ; maxillary not quite reaching vertical

from anterior edge of eye; teeth conical, in 3 series, 60 in

outer series of upper jaw. Cheek with 4 series of scales, depth

1| diameter of eye. 12 gill-rakers on lower jjart of anterior

arch. Phai^yngeal teeth small. 34 scales in a longitudinal

series, 6 from origin of dorsal to lateral line. Dorsal XVI 11
;

spines strongly increasing to last, which is ^ length of head.

Anal III 10; third spine stronger and a little shorter than last

dorsal. Pectoral -i head, nearly reaching anal. Caudal truncate.

Caudal peduncle 1^ as long as deep. Sides yellowish ; a dusky
band on middle of side, a second backwards from base of pectoral

;

a series of dusky spots at base of dorsal, connected with a second
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series which form an interrupted band on and above lateral line.

Dorsal with series of spots. Anal with some pale (? red) round
spots.

A single specimen, 175 mm. in total length [Wood).

Text-fio'uvc 12.

TIapJochroinis fusootcsiiiafus. k.

15. HapLOCHKOMIS IIOLOTiEXIA, sp. n.

Faratilapia dimidiata (part.) Bouleng. Cat. Afr, Fish. iii.

p. 360, fig. 244.

Depth of bod}^ 3| in length, length of head 3. Snout de-

curved, shorter than postorbital part of head. Diameter of eye

4| in length of head, equal to interorbital width or prseorbital

depth, less than depth of cheek. Lower jaw a little projecting
;

maxillary not extending to below eye ; teeth mostly conical, in

4 series in upper jaw and 3 in lower, 60 in outer series of upper
jaw. 4 series of scales on cheek. 1 1 gill-rakers on loAver part of

anterior arch. Pharyngeal teeth slender. 36 scales in a longi-

tudinal series, 5 from origin of dorsal to lateral line. Dorsal

XYII 12 ; last spine
-f-

head. Anal III 10 ; third spine stronger

and nearly as long as last doi-sal. Pectoral | length of head.

Caudal emarginate. Caudal peduncle \k as long as deeji. A
dark lateral band from eye to base of caudal fin ; soft dorsal

with series of spots.

A single specimen (Moore), 190 mm. in total length.

16. Haplochromis stkigatus, sp. n. (Text-fig. 13.)

Depth of body 2| to 2i- in length, length of head 2-4 to 3. Snout
with straight or slightly concave profile, as long as postorbital part

of head. Diameter of eye 4 to 4:^ in length of head, equal to

depth of prseorbital or intei-orbital width, less than depth of cheek.
47*
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Mouth oblique ; lower jaw projecting ; maxillary not extending

to below eye ; teeth conical, triserial, 55 to 60 in outer series of

upper jaw. 3 or 4 series of scales on cheek. 12 or 13 gill-

rakers on lower part of anterior arch. Pharyngeal teeth small.

33 or 34 scales in a longitudinal series, 6 from origin of dorsal

to lateral line. Dorsal XY-XYI 1 1 ; last spine f, longest soft

i-ays f to I length of head. Anal III 10-11 ; third spine stronger

and shorter than last dorsal. Pectoral nearly as long as head,

reaching anal. Caudal truncate. Caudal pedui-icle 1-j as long

as deep. Silvery ; a blackish stripe, half as broad as a scale,

from operculum to base of caudal. Dorsal with series of orange

spots ; other fins yellowish
( 5 ) or pel vies and anal blackish with

red margin (d ).

Three specimens, 170 to 185 mm. in total length (Wood).

Text-fieiire 13.

Haplochromis strigattis.

17. Haplochromis dimidiatus Giinth., 1864.

Depth of body 4 in length, length of head 31. Snout with

straight upper profile, a little shorter than postorbital part of

head. Diameter of eye 5 in length of head, equal to pneorbital

depth, slightly exceeding interorbital width. Mouth oblique
;

lower jaw projecting ; maxillary ending far in front of eye

;

teeth conical, in 3 series in upper jaw, 2 in lower; 44 in

outer series of upper jaw ; anterior teeth of second series in

upper jaw enlarged. 3 or 4 series of scales on cheek. 11 gill-

rakers on lower part of anterior arch. Pharyngeal teeth small.

35 scales in a longitudinal series, 5 from origin of dorsal to

lateral line. Dorsal XVI 11 ; last spine ^ length of head.

Anal III 11 ; third spine as long as and stronger than last

dorsal. Pectoral ^ length of head. Caudal slightly emarginate.
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Caudal ijeduncle twice as long as deep. Silvevy ; an opercular

spot ; a blackish lateral stripe, half as broad as a scale, ending in

a spot on base of caudal fin.

A specimen of 165 mm. (Wood), described above, has been

compared Avith the type, a skin 220 mm. long.

18. Haplochhomis auhitus, sp. n. (Text-fig. 14.)

Depth of body 2i in length, length of head 3. Snout

convex, a little shorter than diameter of eye, which is twice

pra^orbital depth, 3 in length of head ; interorbital width 4§

in head. Jaws equal anteriorly ;
maxillary extending to below

eye; teeth in 2 series; 66 bicuspid teeth in outer series of upper

jaw. 3 series of scales on cheek. 13 gill-rakers on lower part of

anterior arcli. Pharyngeal teeth small. 32 scales in a longi-

tudinal series, 5 from origin of dorsal to lateral line. Dorsal

Text-fia-ure 14.

^^§s&

SapJocliromis auritus. Nat. size.

XV 10 ; last spine a little less tha.n | length of head. Anal III 9
;

third spine stronger than and nearly as long as last dorsal.

Pectoral as long as head, reaching anal. Caudal rather deeply

emarginate. Caudal peduncle a little longer than deep. Silvery
;

a blackish opercular spot ; a dark spot on lateral line below
spinous dorsal ; series of spots on soft dorsal and caudal.

A. single specimen, 80 mm. in total length (JVood).

19. Haplochrojiis tetrastigma Giinth., 1893,

Tilcqna tetrastigma Bouleng. Oat. Afr. Fish, iii, p. 250, fig. 168.

Depth of body 2| to 2-i in length, length of head about 3.

Snout with straight or convex profile, nearly as long as ]oost-

orbital part of head. Diameter of eye 3| in length of head,

interorbital width 4, prjeorbital depth 4. Jaws equal anteriorly;

maxillary not extending to below eye ; teeth in 3 or 4 series, outer
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bicuspid, about 60 in outer series of upper jaw. 3 or 4 series

of scales on cheek. 10 or 11 gill-rakers on lower part of anterior

arch. Lower pharyngeal a small weak plate bearing small

compressed bicuspid teeth. 30 to 32 scales in a longitudinal

series, 5 from origin of dorsal to lateral line. Dorsal XIY-
XY 10-11; last spine | to ^ length of head. Anal III 8-9

;

third spine a little shorter than last dorsal. Pectoral as long

as or a little shorter than head, reaching origin of anal or

a little beyond. Caudal slightly emarginate. Caudal peduncle

1^ to II as long as deep. Silvery; four blackish spots, the first

on operculum, the second on upper lateral line below spinous

dorsal, the third on side below soft dorsal, the fourth at base of

caudal.

Three of the t_ypes, 105 to ! 10 mm. in total length.

20. Haplochromis placodox, sp. n. (Text-fig. 15.)

Depth of body 2g to 2| in length, length of head about 3.

Snout with straight or convex profile, shorter than postorbital

part of head. Diameter of eye equal to or greater than depth

Text-fioure 15.

Uaplocliroinis placodon. J.

of pra?orbital; 3| to 4| in length of head, interorbital width 3-^

to 3|. Jaws equal anteriorly, lower | length of head ; maxillary

not extending to below eye ; teeth in 4 or 5 series, outer

bicuspid, 50 to 55 in outer series of upper jaw. 3 or 4 series of

scales on cheek. 8 or 9 gill-rakers on lower part of anterior

ai'ch. Lower pharyngeal a lai'ge and strong plate Ijearing large

rounded flat teeth. 31 to 33 scales in a longitudinal series,

4 or 5 from orisin of dorsal to lateral line. Dorsal XYI 10-11
;
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last spine f to ^ length of head. Anal III 8-9
; third spine ^

to |- head. Pectoral as long as head, extending nearly to middle

of anal. Caudal emarginate. Caudal peduncle If to 1§ as long

as deep. Silvery ; a blackish spot on operculum ; two large

blackish spots on upper lateral line, expanding upwards towards

spinous and soft dorsal ; a blackish spot at base of caudal.

Dorsal and caudal with series of orange spots ; males with a

pale edge to dorsal and lower fins dusk}^, the anal with ocelli.

Five specimens, 130 to 180 mm. in total length (Wood).

21. Haplochromis intermedius Giinth., 1864.

Parafilapia intermedia (part.) Bouleng. Cat. Afi-. Fish. iii.

p. 363.

Depth of body 2| in length, length of head 3. Snout with

straight profile, shorter than postorbital part of head. Diameter

of orbit nearly equal to depth of prteorbital, which is 4^ in

length of head. Jaws equal anteriorly or lower perhaps slightly

projecting ; lower jaw ^ length of head
;
prtemaxillary pedicels

not reaching orbits ; maxillary not extending to below eye

;

teeth small, conical, in 2 or 3 sexies, about 70 in outer series of

upper jaw. 4 series of scales on cheek. 34 scales in a longi-

tudinal series, 5 from origin of dorsal to lateral line. Dorsal

XVI 11 ; spines strongly increasing to last, which is nearly g

length of head. Anal III 9 ; last spine i head. Pectoral as

long as head, reaching anal. Caudal rather deeply emarginate.

Caudal peduncle a little longer than deep. Silvery ; traces of

two dark spots on upper lateral line ; dorsal with series of spots

and a pale edge ; anal with several spots.

The type, a skin, 185 mm. long.

Boulenger's figure (Cat. Afr. Fish. iii. fig. 247) represents the

body and fins correctly, but the head is inaccurate, the praeorbital

being too narrow ; also the four black spots depicted are taken

from a specimen of II. qiLadrimaculatus.

H. intermedius is Avell distinguished from H. quadrimactdatus

by the deeper prteorbital, deeper cheek with 4 series of scales,

shorter prsemaxillary pedicels, the number of dorsal spines (16

instead of 17 or 18), and the form of the spinous dorsal fin. It

shows much closer agreement with H. placodon, but has the

teeth in fewer series, smaller, and conical instead of cuspidate
;

also the lower jaw is notably longer.

22. Haplochromis modestus Giinth., 1893.

Paratilajna modesta (part.) Bouleng. Cat. Afr. Fish. iii. p. 326,

fig. 219.

Depth of body 3 in length, length of head 2-?. Snout with

straight profile, as long as postorbital part of head. Diameter

of eye 4^ in length of head, a little greater than prseorbitnl

depth, equal to depth of cheek; interorbital width 5 in length
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of head. Lower jaw projecting; end of maxillary not far short

of vertical from anterior edge of eye ; teeth conical, in 3

series, 70 in outer series of upper jaw. 4 series of scales on
cheek. 12 gill-rakers on lower part of anterior arch. Pharyn-
geal teeth slender. 32 scales in a longitudinal series, 5 from
origin of dorsal to lateral line. Dorsal XVI 11 ; last spine ^
length of head. Anal III 10 ; third spine stronger and slightly

shoi-ter than last dorsal. Pectoral ? Caudal ? (perhaps truncate).

Caudal peduncle as long as deep. Colour ?

A single specimen, 150 mm. in total length.

23. Haplochromis woodi, sp. n. (PI. II.)

Paratilapia modesta (part.) Bouleng. Cat. Afr. Fish. iii. p. 326.

Depth of body 2| to 3 in length, length of head 24 to 2|.

Snout with straight profile, as long as postorbital part of head.

Diameter of eye 3-1- to 4 in length of head, equal to or greater

than depth of prseorbital or cheek ; interoi'bital width 6 to 7 in

head. Lower jaw projecting ; maxillary not extending to below
eye ; teeth conical, in 3 or 4 series, 55 to 70 in outer series of

upper jaw. 3 or 4 series of scales on cheek. 11 or 12 gill-

rakers on lower part of anterior arch. Pharyngeal teeth slender.

32 or 33 scales in a longitudinal series, 5 or 6 from origin of

dorsal to lateral line. Dorsal XY-XYI 9-10 ; last spine ^ to

|, longest soft rays | to | length of head. Anal III 9-10
;

third spine stronger than and about as long as last dorsal.

Pectoral a little shorter than head, reaching anal. Caudal
truncate or slightly en:iarginate, angles sometimes roimded.
Caudal peduncle as long as or a little longer than deep.

Silvery; about 10 faint dark cross-bars; an opercular spot; a

series of sinall dark spots near dorsal profile ; a large dark spot

on side below spinous dorsal, a second below soft dorsal, a third

at base of caudal. Dorsal and caudal with series of orange spots

;

in males dorsal with blackish intramarginal band and orange
edge

;
pelvics and anal blackish, latter with orange spots.

Six specimens, 130 to 210 mm. long (Wood); two in poor
condition {Rendall) also belong to this species.

24. Haplochromis chrysonotus Bouleng., 1908.

Paratilapia chrysonota Bouleng. Cat. Afr. Fish. iii. p. 362,

fig. 246.

Depth of body 2| to 3 in length, length of head 3 to 3|.

Snout with straight profile, as long as or a little shorter than
diameter of eye, which is about twice depth of praeorbital, 2| to

3| in length of head, interorbital width about 3|. Jaws equal

anteriorly ;
praemaxillary pedicels extending to between anterior

edges of orbits, \ length of head ; maxillary not extending to

below eye; teeth small, conical, in 3 or 4 series. 2 or 3 series

of scales on cheek. 18 to 21 gill-r-akei-s on lower part of anterior



CICHLID FISHES OF LAKE NYASSA. 703

arch. Pharyngeal teeth small. 31 to 34 scales in a longitudinal

series, 5 or 6 from origin of doi'sal to lateral line. Dorsal XV-
XVI 9-11 ; last spine f to | length of head. Anal III 9-11

;

third spine about |- head. Pectoral as long as head, reaching

anal. Caudal scaly, slightly emarginate. Caudal peduncle as

long as or a little longer than deep. Silvery with four blackish

spots, one on operculum, the second on and under lateral line

below spinous dorsal, the third below soft dorsal, the fourth at

base of caudal ; males usually darker, often with yellow back.

Several specimens, 100 to 130 mm. long,

25. Haplochromis quadrimaculatus, sp. n.

Paratilapia intermedia (part.) Bouleng. Cat. Afr. Fish. iii.

p. 363.

Depth of body 2^ to 2| in length, length of head 3 to 3|.

Snout with straight profile, shorter than postorbital part of head.

Diameter of eye 4 to 4| in length of head, depth of prseorbital

5 to 5^, intei-orbital width 3|. Jaws equal or lower slightly

projecting
;
prtemaxillary pedicels extending to between anterior

edges of orbits, |- length of head ; maxillary not extending

to below eye ; teeth small, conical, in 2 or 3 series. 2 or 3

series of scales on cheek, 24 to 27 gill-rakers on lower part

of anterior arch. Pharyngeal teeth small. 34 to 36 scales in a

longitudinal series, 5 or 6 froin origin of dorsal to lateral line.

Dorsal XVII-XVIII 11-12 ; spines equal or slightly increasing

from seventh or eighth, last | to ^ length of head. Anal III

10-12 ; third spine 3- to |- head. Pectoral as long as or shorter

than head, not or barely reaching anal. Caudal scaly, emaiginate.

Caudal peduncle a little longer than deep. A blackish spot on

operculum, a second under lateral line below spinous dorsal,

usually a third between lateral lines and a fourth at base of

caudal.

Seven specimens {Rhoades, Whyte), 170 to 200 mm. long.

26. Haplochromis sph^rodon, sp. n. (Text-fig. 16.)

Tilapia lateristriga (part.) Bouleng, Cat. Afr, Fish. iii. p. 253.

Depth of body 2| to 3 in length, length of head 3 to 3|.

Snout with straight profile, as long as or a little shorter than

diameter of eye, which is 3 to 3^ in length of head, interorbital

width 4, prseorbital depth 5. Jaws equal anteriorly ; maxillary

not extending to below eye ; teeth in 4 to 6 series, 40 to 60

bicuspid teeth in outer series of upper jaw. 2 to 4 series of

scales on cheek. 9 or 10 gill-rakers on lower part of anterior

arch. Middle pharyngeal teeth large, with spherical crowns.

31 or 32 scales in a longitudinal series, 5 from origin of dorsal

to lateral line. Dorsal XV-XVI 10-12 ; last spine about f
length of head. Anal III 8-9 ; third spine usually a little

shorter than last dorsal. Pectoral about as long as head, reaching
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anal. Caudal slightly emarginate. Caudal peduncle 1^ to 1^

as long as deep. An opercular spot ; a blackish band from

nape to caudal.

Five specimens, 80 to 125 mm. long {Wood, Rhoades), and a

skeleton.

Text-fiscure 16.

^/ ./ V .

Saplochromis spluBvodon. f.

27. Haplochromis ericot^xia, sp. n. (Text-fig. 17.)

Depth of bod}^ 3i to 3;^ in length, length of head 3 to 3^.

Snout with straight profile, nearly as long as or shorter than

diameter of eye, which is 2| to 3 in length of head, interorbital

Text-fioure 17.

^

Saplochromis ericotcenia . Nat. size.

width 41, prfeorbital depth 5-1- to 6. Jaws equal anteriorly

;

maxillary not extending to below eye; teeth in 4 series, 35

bicuspid teeth in outer series of upper jaw. 3 series of scales on

cheek. 10 gill-rakers on lower part of anterior arch. Middle

posterior pharyngeal teeth enlarged and obtuse, probably spherical
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in adult. 31 scales in a lonoitudinal series, 7 from oi'igin of

dorsal to lateral line. Dorsal XV-XVI 11 ; last spine f or a

little more than f length of head. Anal III 9-10; third spine
as long as last dorsal. Pectoi'al -'^ head, not reaching anal.

Caudal slightly emarginate. Caudal peduncle 1| as long as d^ep.

Silvery ; an opercular spot ; 8 faint dark cross-bars on body ; a

blackish band, more or less broken up into a series of spots on
the bars, fi-om nape to middle of base of caudal.

Two specimens, 65 and 72 mm. in total length (Wood).

28. Haplochromis lateristriga Giinth., 1864, (Text-fig. 18.)

Chromis lateristriga (part.) Giinth. P. Z. tS. 1864, p. 312.

Tikqjia lateristriga (part.) Bouleng. Cat. Air. Fish. iii. p. 253.

Tilajyia lethriniis (part.) Bouleng. t. c. p. 254.

Depth of body 2| to 3 in length, length of head 2|. Snout
with straight upper profile, as long as postorbital part of head.
Diameter of eye 4 to 5 in length of head, interorbital width 34
to 4|, depth of prfeorbital 3| to 4. Lower jaw a little projecting

;

Text-fiijure 1 8.

Haplochromis lateristriga. -k.

maxillary exposed distally, ending below nostril ; teeth in 3 or 4

series, inner small ; 40 to 55 bicuspid teeth in outer series of

upper jaw. Cheek with 3 to 5 series of scales. 13 gill-rakers

on lower part of anterior ai'ch. A group of large blunt teeth on

posterior part of lower pharyngeal. 34 scales in a longitudinal

series, 6 from origin of dorsal to lateral line. Dorsal XY-XVI
10-11 ; last spine g to f length of head. Anal III 9; third

spine stronger and a little shorter than last dorsal. Pectoral |
or -i head, nearly or quite reaching anal. Caudal densely scaled,

slightly emarginate. Caudal peduncle Ig as long as deej), A
blackish band from in front of dorsal fin to upper part of base of

caudal ; an opercular spot ; dorsal and caudal spotted.

Three specimens : the type, a skin 160 mm. long, a specimen

of 185 mm. (TFoocZ), and another of 100 mm, {Ehoades).
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29. Haplochromis plagiot^enia, sp. n. (Text-fig. 19.)

Tilapia lateristriga (part.) Bouleng. Cat. Afr. Fish. iii. p. 253.

Depth of body 2| to S^ in length, length of head 3 to 3^.

Snout with straight or slightly convex profile, as long as or a

little longer than diameter of eye, which is 3 to 4 in length of

head, greater than preeorbital depth, equal to or g]'eater than
depth of cheek ; interorbital width 3 t to 3| in head. Jaws equal

antei'iorly ; maxillary not extending to below eye ; teeth in 2 to

4 series; 35 to 50 bicuspid teeth in outer series of upjaer jaw.

3 or 4 series of scales on cheek. 8 to 11 gill-raliers on lower part

of anterior arch. Pharyngeal teeth small, compressed, those of

the series on each side of middle line a little enlarged. 31 to 33
scales in a longitudinal series, 5 or 6 from origin of dorsal to

lateral line. Dorsal XV-XYI 10-11 ; last spine about | length

Text-fiOTire 19.

,^^f̂#.

, ^.^.

Haplochromis plagiotienia.

of head. Anal III 8-9 ; third spine f to | head. Soft dorsal;

anal, and pelvic fins produced in males. Pectoral as long as or a
little shorter than head, nearly or quite reaching anal. Caudal
slightly emarginate. Caudal peduncle longer than deep. A dark
band from nape to middle of base of caudal ; dorsal and caudal
usually with series of spots ; males darker in colour, Avith dark
fins, the dorsal with a pale edge,

17 specimens, 70 to 110 mm. in total length (Ehoades, Wood),
all but one with 15 dorsal spines.

30. Haplochromis melanot^nia, sp. n, (Text-fig. 20.)

Depth of body 2| to 2| in length, length of head 2| to 3.

Snout straight, declivous, nearly as long as or a little longer than
diameter of eye, which is 3 to 3| in length of head, equal to or
greater than interorbital width, greater than prseorbital depth,
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not less than depth of cheek. Jaws equal anteriorly ; maxillary

extending to below anterior edge of eye ; lips thick ; teeth in

4 or 5 well-separated series, conical, or outer bicuspid and inner

tricuspid in young, 40 to 50 in outer series of upper jaw. 3 or 4

series of scales on cheek. 9 or 10 gill-rakers on lower part of

anterior arch. Lower pharyngeal stout ; middle teeth conical or

slightly compressed, moderately strong, set well apart, only 8 in

the series on each side of middle line. 33 scales in a longitudinal

series, 5 from origin of dorsal to lateral line. Dorsal XY-XVII
10-11; last spine about f length of head. Anal III 9; third

spine stronger than dorsals, i to | head. Pectoral as long as

Text-fio-ure 20.

-*si- _,

^^%\f

Saplocliroinis inelanoteenia . -s-.

head, reaching anal. Caudal truncate or slightly emarginate.
Caudal jjeduncle 1+ to 1|- as long as deep An opercular spot ; a

blackish band from nape to caudal ; series of orange spots on
dorsal.

Three specimens, 120 to 170 mm. in total length (Wood).

31. Haplochromis guextheri, sp. n.

Chj-oviis laieristriga (part.) Glinth. P. Z. S. 1864, p. 312.

Tilapia lateristriga (part.) Bouleng. Oat. Afr. Fish. iii. p. 253,
fig. 170.

Paratilapia dimidiata (part.) Bouleng. t. c. p. 360.

Depth of body 2^ to 3 in length, length of head ?A to 3:^.

Snout with straight or slightly convex profile, shorter than post-

orbital part of head. Diameter of eye 3^ to 5 in length of head,
greater (young) or less (adult) than depth of prpeorbital, less than
dej)th of cheek ; interorbital width about 4 in length of head.
Lower jaw a little shorter than upper ; maxillary not extending
to below eye; teeth in 3 or 4 series, outer bicuspid in young,
conical in adult, 40 to 70 in outer series of upper jaw ; anterior

outer teeth of lower jaw directed outwards. 3 or 4 series of
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scales on cheek. 13 oi- 14 gill-ralvevs on lower part of anterior

arch. Pharyngeal teeth snoall, none enlarged. 33 to 35 scales

in a longitudinal series, 5 from origin of dorsal to lateral line.

Dorsal XVI-XYII 10-12; last spine | to | length of head.

Anal III 8-10 ; third spine stronger and shorter than last dorsal.

Pectoral as long as head, usnallj not reaching anal. Caudal

slightly emarginate. Caudal peduncle longer than deep. Silvery

;

an opercular spot ; a blackish band from nape to caudal ; usually

a series of dark spots at base of dorsal ; series of orange spots on

dorsal fin.

Seven specimens of 130 to 190 mm. (Wood), the one figured by

Boulenger (Rhoades), and one of the types of C. lateristriga a

skin 245 mm. long.

32. Haplochromis melanoxotus, sp. n. (Text-fig. 21.)

Depth of body 2|- to 3 in lengtli, length of head 31. Profile

of head evenly decurved. Snout ^ to 1^ diameter of eye, which

is 3 to 3| in length of head, greater than depth of praeorbital

Text-figure 21.

Haplochromis melanonotus. f

.

or cheek ;
interorbital Avidth 3^ to 4 in head. Jaws equal

anteriorly ; maxillary not extending to below eye ; teeth in 4 or

5 series ; 40 to 60 biscuspid teeth in outer series of upper jaw.

4 series of scales on cheek. 12 gill-rakers on lower part of ante-

rior arch. Pharyngeal teeth small, none enlarged. - 34-35 scales

in a longitudinal series, 6 from origin of dorsal to lateral line.

Dorsal XVIII-XIX 10 ; last spine | to ^ length of head, longest

soft rays h head. Anal III 10 ; third spine from less than ^ to

more than | head. Pectoi^al as long as or a little shorter than

head, nearly or quite reaching anal. Caudal slightly emarginate.

Caudal peduncle 1 ^- as long as deep. Silvery; a blackish band

from nape to upper half of base of caudal.

Two specimens, 85 and 200 mm. in total length [Wood).
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33. Haplochromis brevis Bouleng., 1908.

Tilapia brevis Bouleng. Cat. Afr. Fisli. iii. p. 262, fig. 177.

Dspth of body 2| in length, length of head 2|. Snout convex,

shorter than diameter of eye, which is twice prseoi'bital depth,

2^ to 2| in length of head ; interorbital width 4 in head. Jaws
equal anteriorly ; maxillary extending to below anterior edge of

eye ; teeth in 2 or 3 series ; 65 to 80 bicuspid teeth in outer series

of upper jaw. 3 series of scales on cheek. 8 or 9 gill-rakers on
lower part of anterior arch. Pharyngeal teeth small. 31 scales

in. a longitudinal series, 6 from origin of dorsal to lateral line.

Dorsal XV 12; last spine a little less than ^ length of head.

Anal III 9 ; third spine stronger than dorsals, g head. Pectoral

as long as head, reaching anal. Caudal emarginate. Caudal

peduncle as long as deep. Silvery; an opercular spot ; a dark

band from nape to base of caudal.

Two specimens, 70 and 75 mm. in total length.

34. Haplochhosiis notot^bnia Bouleng., 1902.

Paratilapia nototcenia Bouleng. Cat. Afr. Fish. iii. p. 359.

Depth of body 2| to 3 in length, length of head 2| to 3.

Snout decurved, shorter than postorbital part of head. Diameter
of eye 3| to 4^ in length of head, interorbital width 3^ to 3;^,

prseorbital depth 4 to 4g^. Jaws equal anteriorly; maxillary

extending to below anterior margin of eye ; teeth in 3 to 5

series, outer biscuspid in young, conical in adult, 75 to 90 in

outer series of upper jaw. 3 series of scales on cheek. 12 gill-

rakers on lower part of anterior arch. Pharjaigeal teeth small.

35 or 36 scales in a longitudinal series, 6 from origin of dorsal

to lateral line. Dorsal XYI-XVII 10-12 ; last spine 1 length of

head. Anal III 9-10; third spine | to ^ head. Pectoral a little

shorter than head, reaching oi"igin of anal. Caudal emarginate.

Cavidal peduncle 1^ as long as deep. An opercular spot; a

blackish baiid on each side of back from origin of dorsal to caudal
;

dorsal and caudal with bars or sei'ies of spots ; lower fins tinged

•with orange.

The type and three specimens of 180 to 250 mm. (Wood).

35. Haplochromis lepturus, sp. n. (Text-fig. 22.)

Paratilcqna rhoadesii (part.) Bouleng. Cat. Afr. Fish. iii. p. 361.

Depth of body 3i to 33 in length, length of head 3 to 3^.

Snout decurved, a little shorter than postorbital part of head.

Diameter of eye 4^ to 6 in length of head, interorbital width

3| to 4, depth of prseorbital 4 to 41-. Jaws equal anteriorly

;

maxillary extending to vertical from anterior edge of eye

;

teeth conical, in 3 to 6 series, 70 to 90 in outer series of

upper jaw. 4 or 5 series of scales on cheek. 11 to 13 gill-

rakers on lower part of anterior arch. Pharyngeal teeth small,

37 to 39 scales in a longitudinal series, 6 or 7 from origin of
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dorsal to lateral line. Dorsal XYII 11-13; last spine from a

little less than 1 to nearly -| length of head. Anal III 10-11;

third spine stronger and a little shorter than last dorsal. Pectoral

I to ^ length of head, not reaching anal. Caudal emarginate.

Caudal peduncle 1 1 to 2 as long as deep. Silvery ; back darker
;

Text-fio-ure 22.

'j&s.

Saplochroniis leiiturvs. |.

an opercular spot ; a dark band from origin of dorsal to caudal

(absent in the largest specimen, Avhich is darker than the others);

series of spots on dorsal.

Five specimens of 170 to 240 mm. [Wood) and one of 360 mm.
{Rhoades).

36. Haplochromis rhoadesii Bouleng., 1908.

Paraiilcqna rhoadesii (part.) Bouleng. Cat. Afr. Fish. iii. p. 361,

fig. 245.

Depth of body 2|- to 3 (adult) or 3|- (young) in the length,

length of head 24 to 3. Snout decurved, as long as postorbital

part of head. Diameter of eye 4 to 5g in length of head, inter-

orbital width 4 to 4g, depth of prseorbital 3^ to 4^. Lower jaw
usually a little projecting ; maxillary not extending to below eye

;

teeth cuspidate in young, conical in adult, in 3 to 5 series, 60 to

80 in outer series of upper jaw. 4 or 5 series of scales on cheek.

11 or 12 gill-rakers on lower part of anterior arch. Pharyngeal
teeth small. 35 to 37 scales in a longitudinal series, 5 to 7 from
origin of dorsal to lateral line. Dorsal XY-XVII 11-13; spines

equal or slightly increasing from sixth or seventh, last | to ^
length of head. Anal III 10 ; third spine stronger than dorsals,

^ to ^ head. Pectoral | to ^ head, reaching vent or origin of

anal. Caudal emarginate. Caudal peduncle 1^ to If as long as

deep. An opercular spot; body with or without faint dark cross-

bars ; a blackish band from nape to caudal ; dorsal with series of

spots.

The type (250 mm,) and a series of specimens 120 to 250 mm.
long {Wood).
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37. Haplochromis atrit^eniatus, sp. n. (Text-fig. 23.)

Depth of body 2| in length, length of head 3. Snont with

straight profile, nearly as long as postorbital part of head.

Diameter of eye 4 to 41- in length of head, intei'orbital width 4,

depth of prseorbital 4 to 4|^. Lower jtiw slightly projecting ;

maxillary not quite reaching vertical from antei'ior edge of eye;

teeth in 3 series^ outer bicuspid or some conical, 70 in outer series

of upper jaw. 4 series of scales on cheek. 11 gill-rakers on lower

part of anterior arch. Pharyngeal teeth small. 33 or 34 scales

in a longitudinal series, 6 or 7 from origin of dorsal to lateral

liire. Dorsal XVI 10-11 ; spines equal or slightly increasing

from the sixth, last § or a little more than ^ leno'th of head.

SapJochromis atrita-niafus. i.

Anal III 9 ; third spine ^ head. Pectoral as long as head,

extending a little beyond origin of anal. Caudal emarginate.

Caudal peduncle l^j to 1|- as long as deep. An opercular spot;

a blackish band from nape to c-.iudal ; dorsal and caudal with
series of spots.

Two specimens, 150 and 170 mm. long [Wood).

38. Haplochromis spiloehynchus, sp. n. (PL VI. fig. 2.)

Paratilapia dimidiata (part.) Bouleng. Cat. Afr. Fish. iii. p. 360.

Depth of body 3^ to 3f in length, length of head about 3.

Snout decurved, as long as postorbital pai-t of head. Diameter of

eye 4| to 5| in length of head, less than depth of prseorbital or

cheek; interorbital width 4| to 5g in length of head. Lower jaw

a little projecting : maxillary not extending to below eye ; teett

conical, in 3 or 4 series, outer strong and spaced, 25 to 40 in

upper jaw. 5 or 6 series of scales on cheek. 10 or 11 gill-

Proc. Zool. Soc—1921 No. XLVIII. 48
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rakers on lower part of anterior arch. Pharyngeal teeth slender.

36 scales in a longitudinal series, 6 or 7 from origin of dorsal

to lateral line. Dorsal XYI 12 ; last spine 5 length of head.

Anal III 9-10; third spine as long as and stronger than last

dorsal. Pectoral f to -i head, not reaching anal. Caudal

emarginate. Caudal peduncle 1| as long as deep. A large black

spot on prseoi'bital ; an opercular spot ; a blackish band on each

side of back from origin of dorsal to caudal.

Seven specimens (Wood, Bhoades, Rendall) 150-240 mm. in

total length.

39. Haplochromis longipes, sp. n. (PI. V. fig. 2.)

Depth of body 3| in length, length of head 3. Snout decurved,

twice as long as diameter of eye, which is 5 1 in length of head,

less than depth of prseorbital or cheek ; interorbital width 4| in

length of head. Lower jaw a little projecting ; maxillary not quite

reaching vertical from anterior edge of eye. Teeth conical, in

3 series, outer r;ither strong, 45 in upper javr. 5 series of scales

on cheek ; 13 gill-rakers on lower part of antei-ior arch. Pharyn-
geal teeth slender. 37 scales in a longitudinal series, 6 from
origin of dorsal to lateral line. Dorsal XVI 12 ; spines strongly

increasing to last, which is -| length of head. Anal III 10 ; tliird

spine I length of head. Soft dorsal and anal produced, pointed.

Pectoral | length of head
;

pelvics as long as head. Caudal

emarginate. Caudal peduncle 1| as long as deep. An opercular

spot ; a blackish band on each side of back from nape to base of

caudal.

A single specimen, 260 mm. in total length.

40. Haplochromis ceruleus Bouleng., 1908.

Champsochromis cceruleus Bouleng. Cat. Afr. Fish. iii. p. 433,

fig. 295.

Closely related to the preceding, diflfering as follows :—Depth
of body 4 in length, head 3|. Snout 2j diameter of eye, which

is 6 in length of head. Interorbital width 4 in head. Maxillary

not nearly reaching vertical from anterior edge of eye. 11 gill-

rakers on lower part of anterior arch. Caudal peduncle twice as

long as deep.

Total length 255 mm.

. 41. Haplochromis macrochir, sp. n. (Text-fig. 24.)

Depth of body 2|- in length, length of head nearly 3.

Snout with straight or slightly convex profile, as long as

diameter of eye, which is 3| in length of head, I5 depth of

prseorbital or cheek ; interorbital width 4 to 4^ in head. Jaws
equal anteriorly ; maxillary extending to vertical from anterior

edge of eye ; teeth very small, in 2 or 3 series, outer bicuspid,

about 80 in outer series of upper jaw; 4 series of scales on
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qheek. 13 or 14 gill-rakers on lower part of anterior arch. A
group of enlarged teeth with spherical crowns on posterior half of

lower pharyngeal. 33 scales in a longitudinal series, 6 from origin

of dorsal to lateral line. Dorsal XVI 10 ; last spine f to |,
longest soft rays f to i length of head. Anal III 9 ; third spine

^ to f head. Pectoral longer than head, I'eaching middle of anal.

Caudal emarginate. Caudal peduncle longer than deep. Silvery;

Text-tie'ure 24.

Saplochromis macrocJdr. f.

an opercular spot ; about 10 faint dark cross-bars ; dorsal and
caudal with series of spots ; anal, in male, with several ocelli.

Two specimens, 115 and 130 mm. long (Wood).

42. Haplochromis argyrosoma, sp. n. (Text-fig. 25.)

Tilcqna macroplithahna (part.) Boulei:ig. Cat. Afr. Fish. iii.

p. 261.

Depth of body equal to length of head, 3i in length of fish.

Snout decurved, shorter than diameter of eye, which is 3 in length

of head, twice depth of prseorbital or cheek; interorbital width 5

in length of head. Jaws equal anteriorly ; maxillary extending

to below anterior edge of eye ; teeth in 2 or 3 series, 50 in outer

sei-ies of vipper jaw, mostly bicuspid, but the last few on each side

conical : 2 series of scales on cheek. 11 gill-rakers on lower part

of anterior arch. Last few teeth of two middle series of lower

pharyngeal enlarged. 33 scales in a longitudinal series, 5 fi-om

origin of dorsal to lateral line. Dorsal XVII 10 ; last spine

nearly k length of head. Anal III 9 ; third spine less than * head.

Pectoral as long as head, reaching

Caudal peduncle \\ as long as deep,

with series of spots.

anal. Caudal emarginate.
Silvery ; dorsal and caudal

48*
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A single specimen, one of the types of T. macrojjhthahna,

75 mm. in total length.

Text-figure 25.

Haplochromis argyrosoma. Nat. size.

43. Haplochromis macrophthalmus Bouleng., 1908.

Tilapia 'macrojyhihcdma (part.) Bouleng. Cat. Afr. Fish. iii.

p. 261, fig. 176.

Depth of body 2|- to 3 in length, length of head 3. Snout with
slightly convex profile, shorter thiin diameter of eye, which is

2 L in length of head, twice depth of prteorbital or cheek, or inter-

orbital width. Lower jaw a little shorter than upper ; maxillary

not extending to below eye ; teeth in 2 series, 50 or 60 bicuspid

teeth in outer series of upper jaw^, anterioi' outer teeth of lower

jaw directed outwards. 2 series of scales on cheek. 12 or 13
gill-rakers on lower part of anterior arch. Last few teeth of 2

middle series of lower pharyngeal a little enlarged. 32 or 33
scales in a longitudinal series, 6 from origin of dorsal to lateral

line. jDorsal XVI 10 ; last spine nearly \ length of head. Anal
III 8 ; thii-d spine as long as last dorsal. Pectoral a little longer

than head, extending to above anal. Caudal emarginate.

Caudal peduncle 1^ as long as deep. Silvery.

Four specimens, 70 to 80 mm. in total length [luioades).

44. Haplochromis leuciscus, sp. n. (Text-fig. 26.)

Depth of body 3^ to 3^ in length, length of head 3^ to 3^.

Snout with straight or slightly convex profile, a little shorter

than diameter of eye, which is 3 in length of head, twice pras-

orbitai depth ; interorbital width 4| in head. Jaws equal

anteriorly ; maxillary not extending to below eye ;
teeth in 2 or

3 series ; 45 bicuspid teeth in outer series of upper jaw. 2 or 3

series of scales on cheel\. 11 gill-rakers on lower part of anterior

arch. Pharyngeal teeth small. 31 to 33 scales in a longitudinal

series, 5 or 6 from origin of dorsal to lateral line. Dorsal XYI-
XVII 11 ; last spine f length of head. Anal III 9 ; third spine
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.stronger and as long as or a little shorter than last dorsal.

Pectoral f to g head, not i-eacliing anal. Caudal emarginate.

Caudal peduncle 1^ as long as deep. Silvery ; dorsal and caudal

with series of spots.

Two specimens, 75 and 80 mm. long [Ehoades, Wood).

Text-fiirure 26.

Saplochromis leuciscus. Nat. size.

45. Haplochromis inoknatus Bouleng., 1908.

Tilapia inornata Bouleng. Cat. Afr. Fish. iii. p. 263, fig. 178.

Depth, of body 3}- to 3^ in length, length of head 3|. Snout
shorter than diameter of eye, which is 2| to 3 in length of head
and twice depth of praeorbital or cheek ; interorbital width 4;^ in

length of head. Jaws equal anteriorl}^ ; maxillary not extending

to below eye ; teeth small, in 3 series ; 50 bicuspid teeth in outer

series of upper jaw. 2 or 3 series of scales on cheek. 15 or 16

gill-rakers on lower part of anterior arcli, Pharjmgeal teeth

small. 34 to 36 si;ales in a longitudinal series, 5 from origin of

dorsal to lateral line. Dorsal XYI-XVIII 11-12 ; last spine f
length of head. Anal III 9 ; third spine nearly as long as last

dorsal. Pectoral as long as head, not reaching anal. Caudal
emarginate. Caudal peduncle 1| as long as deep. Silvery.

Two specimens, 85 and 95 mm, in total length (Rhoades).

46. Haplochromis micrestodox, sp, n. (Text-fig. 27.)

Depth of body 2| to 2| in length, length of head 3^ to 3^.

Snout Avith slightly convex profile, a little shorter than diameter
of eye, which is 3 in length of head, 1| prseorbital depth, 14
depth of cheek ; interorbital width 4 in length of head. Lower
jaw a little shorter than upper ; maxillary not extending to

below eye; teeth in 2 or 3 series, outer bicuspid, about 70 in

upper jaw ; inner teeth of lower jaw minute, almost invisible,

outer anterior teeth directed outwards. 2 or 3 series of scales
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on cheek. 16 or 17 gill-rakers on lower part of anterior arch.

Pharyngeal teeth very small. 33 scoles in a longitudinal series,

5 from origin of dorsal to lateral line. Dorsal XVI 10-11 ; last

spine ^ to |, longest soft rays | to | length of head. Anal
III 8-9 ; third spine a little shorter than last dorsal. Pectoral
longer than head, extending beyond origin of anal. Caudal

Text-figure 27.

Sap!ochromis micrentodon. f

.

emarginate. Caudal peduncle longer than deep. Silvery, with
traces of several dark cross-bars ; dorsal and caudal with series

of spots.

Two specimens, 110 and 115 mm. long [Wood).

47. Haplocheomis eucikosxomus, sp. n. (PL lY. fig. 1.)

Depth of body 3^ to 3g in length, length of head 3^. Snout
with straight 2:)rofi]e, as long as diameter of eye, which is 3g in

length of head, much greater than prfeorbital depth ; inter-

orbital width 31 to 3| in length of head. Mouth small, oblique;

jaws equal anteriorly; pra3ma,xil]a,ry pedicels extending to be-

tween middle of orbits, ^ length of head ; maxillary not

extending to below eye ; teeth small, in 2 or 3 series, outer

bicuspid. 3 series of scales on cheek. 16 or 17 gill- rakers on
lower part of anterior arch. Pharyngeal teeth small, slender.

35 scales in a longitudinal series, 5 from origin of dorsal to

lateral line. Dorsal XVI-XVII 11-12; last spine | length of

head. Anal III 10 ; third spine stronger than dorsals, ^ head.

Pectoral a little shorter than head, not reaching anal. Caudal
emarginate, densely scaled in basal lialf. Caudal peduncle 1| as

long as deep. Silvery, with traces of dark cross-bars.

Two specimens, 85 and 100 mm. long {Wood), the smaller (? J )

much darker in colour than the lai'Ofer.
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48. Haplochhomis pr^orbitalis, sp. n. (PI. III.)

Deptli of body 2| to 2| in length, length of head 2|-3.

Snout longer than postorbital part of head ; upper profile straight,

obliquely descending. Diameter of eye 5 in length of head,

interorbital width 4|, depth of prasorbital 3. Lower jaw pro-

jecting ; maxillary ending not far behind nostril ; teeth in 3

series in upper jaw, 4 in lower, outer bicuspid, about 70 in upper
jaw. 4 series of scales on cheek. 9 or 10 gill-rakers on lower

part of anterior arch. Pharyngeal teeth small, slender. 35 or

36 scales in a longitudinal series, 6 from origin of dorsal to

lateral line. Dorsal XV-XVI 12-13 ; last spine f or ^ length

of head ; longest soft rays | or .| head. Aual III 10-11 ; third

spine stronger than dorsals, f or }^ head. Pectoral a little shorter

than head, reaching anal. Caudal emarginate. Caudal peduncle

1| as long as deep. Greyish; an opercular spot; dorsal with
oblique stripes or series of spots.

Two specimens, 210 and 240 mm. in total length (Wood). The
larger has the dorsal fin higher than the other and the lower fins

dusky ; it is probably a male.

49. Haplochromis compressiceps Bouleng., 1908.

Paratilcqna covijjressiceps Bouleng. Cat. xlfr. Fish. iii. p. 331,

fig. 222.

Depth of body 3 in length, length of head 2| to 2f . Head
4 times as long as broad ; snout a little concave in front of eye,

thence straight, longer than postorbital part of head. Diameter
of eye 5| to 6 in length of head, equal to interorbital width, from
a little more than i to nearly | depth of prseorbital. Lower jaw
projecting ; chin deep ; maxillary ending a little behind nostril

:

teeth conical, in 3 series. 3 or 4 series of scales on cheek. 11

to 13 gill-rakers on lower part of anterior arch, Phai*yngeal

teeth small. 33 to 35 scales in a longitudinal series, 5 or 6 from
origin of dorsal to lateral line. Dorsal XY-XYI 11-13 ; last

spine ^ length of head. Anal III 10-11 ; third spine as long as

last dorsal. Caudal scaly, truncate. Caudal peduncle 1| to 1|
as long as deep. Silvery ; thr,ee yellow-green, bands, .one along

upper outline of head and bod}^ the second above upper latei'al

line, the third along middle of side.

The type, 160 mm. long, and 3 specimens of 180-200 mm.
(Wood).

50. Haplochromis macrorhyjsx'hus, sp. n. (Text-fig. 28.)

Tilapia rostrata (part.) Bouleng. Cat. Afr. Fish. iii. p. 255.

Depth of body 2| to 2| in length, length of head 2| to 2|.

Snout with straight or convex profile, longer than postorbital

part of head. Diameter of eye 5 to 5.1 in length of head, inter-

orbital width 3| to 3|, depth of prseorbital 3| to 4. Jaws equal

anteriorly ; maxillary not extending to below eye ; teeth in 4 or
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5 series, outer bicuspid or posteriorly unicuspid, about 70 iu

outer series of upper jaw. 3 or 4 series of scales on cheek. Gill-

rakers rather long, 1.5 to 17 on lower part of anterior arch.

Pharyngeal teeth small. 34 or 35 scales in a longitudinal series,

6 or 7 from origin of dorsal to lateral line. Dorsal XY-XVI 11 ;

last spine -^ length of head'. Anal III 9 : third spine ^ length of

head. Pectoral | length of head, nearly or quite reaching anal.

Caudal emarginate. Caudal peduncle 1t| to i ^ as long as deep.

Text-fio-ure 28.

Saplocliromis macrorhynchus. h.

Upper half of body with 6 dark ci^oss-bars broken up into 3

series of spots, the first of the lowest series on operculum, the

sixth at base of caudal ; dorsal with sei'ies of spots.

Three specimens, 190 to 210 mm. long (cZ, Mel, Moore).

Tilajna rostrata (part.) Eouleng. Cat. Afr. Fish. iii. p. 255,

fig. 172.

Depth of body 3^- in length, length of head 2|. Snout with
convex profile, longei' than jjostoi'bital part of head. Diameter
of eye 4 in length of head, interoi-bital Avidth 4g, depth of prse-

orbital 4|. Jaws equal anteriorly; maxillary not extending to

beloAv eye ; teeth in 3 well-separated series, outer bicuspid, 54
in outer series of upper jaw. 3 series of scales on cheek.

Gill-rakers short, 19 or 20 on lower pai^t of anterior arch.

Pharyngeal teeth small. 34 scales in a longitudinal series,

6 or 7 from origin of dorsal to lateral line. Dorsal XYI 12
;

last spine nearly f length of head. Anal III 10; third spine

^ length of head. Pectoral ? Ca,udal emarginate. Caudal
peduncle i| as long as deep. Colour nearly as in H. onacro-

rhynchus, but the posterior bars more oblique and the fins

unspotted.

The type, 105 mm. long .
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52. Haplochromls mackostoma, sp. n. (PI. IV. fig. 2.)

Depth of body 3 in length, lengtli of head 2|. Snout with

profile a little concave in front of eye, thence straight, declivous,

2| as long as diameter of eye, which is 51 in length of head, less

than prfeorbital depth, | depth of cheek ; interorbital \\idth 4|
in length of head. Jaws equal anteriorly; maxillary consider-

ably exposed distally, extending to below anterior ^ of eye

;

teeth small, conical, in 6 series. 6 series of scales on cheek.

12 gill-rakers on lower part of anterior arch= Pharyngeal teeth

slender. 35 scales in a longitudinal series, 6 from origin of

dorsal to lateral line. Dorsal XVI 10; last spine i-, longest soft

rays less than -k length of head. Anal III 10 ; third spine

stronger than dorsals, ^ head. Pectoral | head, not quite

reaclnng anal. Caudal very slightly emarginate Caudal

peduncle l^ as long as deep. A series of about 8 dark spots on
each side of back ; a second series below lateral line, posteriorly

confluent to form a band.

A single specimen, 260 mm. in total length (Wood).

11. Lethmnops, gen. n.

(type Chromis lethrmus Giinth.).

Differs from Hcq^lochromis in the dentition. Teetli very small

a.nd slender, in a fe"\v series, forming narrow^ bands vv'hich ai'e

inteiTupted at the symphyses ; outer teeth mostly bicuspid, often

iinicuspid posteriorly, inner uni- or tri-cuspid.

ISTyassa : four species.

Synopsis of the S'j^ecies.

I. Pharyngeal teeth all small.

Snout shorter than postorbital part of head ; maxillary not far

short of vertical from anterior edge of eye 1. alius.

Snout longer than postorbital part of head ; niaxillarj- ending
not far behind nostril 2. macrorhj/nclius.

II. Last few teeth of two middle series of lower pharj'ngeal somewhat enlarged.

10 gill-rakers on lower part of anterior arch 3. lethrinus.

12-i3 gill-rakers on lower part of anterior arch 4. leptodon.

1. Lethrinops albus, sp. n.

Tilapia macroj^hthalma (part.) Bouleng. Cat. Afr. Pish. iii.

p. 261.

Depth of body equal to length of head, 3 in length of fish.

Snoiit with straight profile, as long as diameter of eye, Avhich is

3| in length of head, interorbital width 5, depth of prasorbital

4-^. Jaws equal ; maxillary not far short of vertical from
anterior edge of eye ; teeth in 2 series. 3 series of scales on
cheek. 10 gill-rakers on lower part of anterior arch. Pharyn-
geal teeth small. 32 scales in a longitudinal se]'ies, 5 from
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origin of dorsal to lateral line. Dorsal XVI 10. Anal III 9 ;

third spine S- length of head, a little shorter than last dorsal.

Pectoral as long as head, extending beyond origin of anal.

Caudal scaly, emarginate. Caudal peduncle as long as deep.

Silvery ; an opercular spot.

A single specimen, 100 mm. in total length (Whyie).

2. Lethrinops macrorhynchus, sp, n.

Tilapia letlirinus (part.) Bouleng. Cat. Afr. Fish. iii. p. 254.

Depth of body 2| in length, length of head 2|. Snout with
straight profile, longer than postorbital part of head. Inter-

orbital region flat. Diameter of eye 4^ in length of head,

interorbital width 4^, depth of prgeorbital 3. Lower jaw pro-

jecting ; maxillary ending not far behind nostril ; teeth in 3

series. 3 series of scales on cheek. 10 gill-i'akers on lower part

of anterior arch. Pharyngeal teeth small. 33 scales in a longi-

tudinal series, 5 from origin of dorsal to lateral line. Dorsal

XVI 11 ; last spine \ length of head. Anal III 9 ; third spine

less than \ head. Pectoral as long as head, extending nearly

to middle of anal. Caudal scaly, emarginate. Caudal peduncle

1^ as long as deep. A blackish band from nape along upper
lateral line to base of caudal.

A single specimen, 180 mm. long (Whyte).

3. Lethrinops lethrinus Giinth., 1893.

Tilapia lethrinus (part.) Bouleng. Cat. Afr. Fish. iii. p. 254,

fig. 171.

Depth of body 2| to 2f in length, length of head 2| to 3.

Snout with straight profile, as long as postorbital part of head,

Interorbital region flat. Diameter of eye 3| to 4| in length of

head, interorbital width 4, prfeorbital depth 3 to 3^. Lower jaw^

slightly projecting ; maxillary extending to between nostril and
eye ; teeth in 3 to 5 series. 3 or 4 series of scales on cheek.

10 gill-rakers on lower pai-t of anterior arch. Lower pharyngeal

with the last few teeth of the two middle series a little enlarged.

32 to 34 scales in a longitudinal series, 5 or 6 from origin of

dorsal to lateral line. Dorsal XY-XYI 11 ; last spine from
less than I to -2 length of head. Anal III 9 ; third spine ^ to |-

head. Pectoral a little shorter than head, reaching origin of

anal. Caudal densely scaled, emarginate. Caudal peduncle 1^
to 14 as long as deep. A blackish lateral stripe i-unning back-

wards above lower lateral line ; sometimes a second above lateral

line and a third near edge of back, or these may be represented

by series of spots ; dorsal spotted.

Three specimens, 140 to 200 mm. long (Johnston, Moore).
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4. Lethrinops leptodon, sp. n. (Text-fig. 29.)

Depth of body 2f to 3 in length, length of head 24- to 3i.

Snont with steep, straight or slightly convex profile, as long as or

a little shorter than postorbital part of head. Interorbital region

convex. Diameter of eye 3| to 4 in length of head, interorbital

width 3| to 5, depth of'^prfeorbital 3 to 3k. Lower jaw slightly

projecting ; maxillary not extending to below eye ; teeth in 3 or

4 series. 3 or 4 series of scales on cheek. 12 or ] 3 gill-rakers

on lower part of anterior arch. Lower pharyngeal Avith the last

few teeth of the two middle series a little enlarged. 31 to 34

scales in a longitudinal series, 5 or 6 from origin of dorsnl to

lateral line. Dorsal XY-XVl 10-13 ; last spine | to | length of

head. Anal III 9-10 ; third spine 1 to f head. Pectoral nearly

Text-figure 29.

A^^

JLethrinops leptodon. f.

as long as head, reaching anal. Caudal scaly, emarginate.

Caudal peduncle 1^ to 1| as long as deep. Silvery or bluish,

with faint dark cross-bavs ; an opercular spot ; an oblong dark

blotch on lateral line below spinous dorsal, from just below

which a dark band runs backwards to the caudal ; doisal and

caudal with series of orange spots ; dorsal sometimes with a

yellow edge ; anal with several ocelli in males.

Eight specimens, 140 to 180 mm. in total length {Wood).

12. DociMODUs Bouleng., 1896.

Differs from Haplochroyais in the dentition. Teeth compressed,

uni- or tri-cuspid, in 4 or 5 well-separated series; outer teeth

large, forming a close-set series of about 20 in each jaw.

Nyassa ; a single species.
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DOCIMODUS JOHNSTONI Bouleiig., 1896.

Dochnodus johnstonii Bouleng. Cat. Afr. Fish. iii. p. 282,

fig. 192.

Depth of body 2| to 3 in length, length of head 3 to S^.

Snout convex, 1^ to 1| diameter of eye, which is equal to or

greater than depth of prteorbital, 4 to 4| in length of head,

interorhital width 3 to ?>h- Jaws strong; lower projecting;

maxillary not extending to below eye. 3 or 4 series of scales on

cheek. 10 or 11 gill-rakers on lower part of anterior arch.

Pharyngeal teeth small, compressed, bicuspid. 34 to 36 scales in

a. longitudinal series, 5 from origin of doi'sal to lateral line.

Dorsal XYI-XYII S)-ll ; last spine .^ to f length of head.

Anal III 9-10; third spine as long as or a little shorter than

dorsal. Pectoral as long as head, reaching a,nal. Caudal scaly,

truncate, with slight median notch. Caudal peduncle Ij to 1|
as long as deep. A dai'k lateral band from shoulder to base of

caudal ; a series of dark spots at base of dorsal ; an opercular

spot ; dorsal with series of spots, in male with a. dark intra-

marginal stripe and pale edge ; anal and cafidal, in the male,

dusky with pale edge.

Four specimens, 160 to 250 mm. long [Johnston, Wood).

13. Cyrtocara Boulenger, 1902

(type C, moorii Bouleng.).

Differs from Ilajilochromis in the structure of the spinous

dorsal fin, which has the edge of the membrane straight between

the tips of the spines. Teeth in several series, the outer enlarged,

conical, or some bicuspid.

Nyassa.

Syno2Jsis of the Species,

Jaws equal; caudal trnncate or sliglitly emarginate 1. venusta.

Jaws equal ; caudal crescentically emarginate 2. annectens.

Lower jaw projecting 3. moorii.

1 . Cyrtocara venusta.

Haplochroinis venustus Bouleng. Cat. Afr. Fish. iii. p. 287,

fig. 195.

Depth of body 2^ to 2| in length, length of head 3 to 3i.

Snout with straight profile, as long as postorbital part of head.

Diameter of eye 4^ to 5 in length of head, equal to or a little

less than prseorbital depth : interorhital width 3| to 4 in length

of head. Jaws equal anteriorly ; maxillary not extending to

below eye ; teeth conical, or some of the outer bicuspid, in 4 or 5

series, outer lai-ger. 3 or 4 series of scales on cheek. 11 or 12

gill-rakers on lower part of anterior arch. 32 to 34 scales in

a longitudinal series, 6 or 7 from origin ©f dorsal to lateral

line. Dorsal XY-XYI 10-11 ; last spine f length of head.

Anal III 10; third spine -^ head. Pectoral as long as head,
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about reaching anal. Caudal scaly, truncate or slightly emar-
ginate. Caudal peduncle li to 1^ as long as deep. Bluish, with
large vertically expanded blue-black spots tending to form
irregular cross-bars ; dorsal and anal with broad orange margin.

Four specimens, 170 to 200 mm. long [Rhoades).

Boulenger's figure shows a slight indication of lappets, but
where the dorsal membrane is not torn its margin runs evenly
between the tips of the spines.

2. Cyrtocara annectens, sp. n. (Text-fig. 30.)

Depth of body 2^ to 2|- in length, length of head 3| to Zk.

Occiput convex, snout straight or slightly concave, a little shorter

than postorbital part of head. Diameter of eye 4 to 4g in length
of head, equal to praeorbital depth ; interorbital width 3|- in

length of head. Jaws equal anteriorly ; maxillary not quite

reaching to below eye ; teeth conical, in 3 or 4 series, outer

Text-fiijure 30.

C'ljrtocara annectens. ^.

larger. 2 or 3 series of scales on cheek. 12 or 13 gill-rnkers on
lower part of anterior arch. 34 to 36 scales in a longitudinal
series, 5 or 6 from origin of dorsal to lateral line. Dorsal
XYI-XVII 11-12; last spine | head. Anal III 8-9; third
spine stronger and shorter than last dorsal. Pectoral as long
as or a, little longer than head, reaching anal. Caudal densely,
scaled, crescentically emarginate. Caudal peduncle 1^ to 1^ as
long as deep. Uniformly bluish black.

Three specimens, 175 to 195 mm. in total length.

This species connects C. vennsta with C. moorii, having the
mouth formed as in the former, but in most other characters more
nearly agreeing with the latter.
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3. Cyrtocara moorii.

A-^erv near the preceding species, but lower jaw projecting,

some of the outer teeth pointing outwards, and maxillary

extending to below eye. Occiput very convex. 3 or 4 series of

scales on cheek. 11 gill-rakers on lower part of anterior arch.

Dorsal XV-XVI 11. Anal III-IV 8-9.

14. Rhamphochromis, gen. n.*

(type Hemichroviis longiceps Giinth.).

Form elongate. Snout produced, nearly or quite h length of

head. Mouth with lateral cleft, ending fax in front of eye
;

prfemaxillaries with an anterior beak- like expansion ; lower jaw
deep ; teeth conical, acute, biserial, or sometimes a third series

anteriorly in upper jaw ; teeth of outer series strong or mode-
ra,tely strong, set well apart ; anterior teeth of second series in

upper jaw enlarged. 16 to 1 8 gill-ra.kers on lower part of anterior

arch. Scales 36 to 44. Dorsal XVI-XX 11-13; spines slender,

rather short; soft fin rounded. Anal III 9-11; third spine

about as long as and stronger than last dorsal. Pectoi'al I'ather

short. Caudal scaly, emarginate.

Xyassa.

tSj/no^ysis of the Species.

I. Scales 36 to 40. Depth 4 to 4f in length. Depth of caudal peduncle not less

tlian half its length.

A. Intei'orbital width about 4 in head., diameter of ej-e oj to 6 (in specimens

of 200 to 240 mm.) ; 3 or 4 series of scales on cheek.

Teeth modei-ate, 20 to 25 in outer series on each side 1. longiceps.

Teeth strong, 10 to 15 iu outer series on each side 2. ferox.

B. Interorbital width about 5 in head; teeth strong.

Diameter of eye 5 in head (in specimens of 200 to 230mm.);
3 or 4 series of scales on cheek 3. maci-ophthalnms.

Diameter of eye 6 to 8 in head (in specimens of 160 to

330 mm.) ; 5 or 6 series of scales on cheek 4. ivoodi.

II. Scales 43 or 44. Depth 4i to 5^ in length.

Caudal peduncle 2:j as long as deep ; snout convex 5. esox.

Caudal peduncle 2j as long as deep ; snout straight 6. leptosoma.

1. Rhamphocheomis longiceps.

Hemichromis longiceps (part.) Giinth. P. Z. S. 1864, p. 313.

Champsochromis longiceps (part.) Bouleng. Cat. Afr. Fish. iii.

p. 434 (1915).

Depth of body 4 in length, length of head 24, Diameter of

eye 2i in length of snout, 5^ in length of head ; interorbital

Avidth 4 in length of head. Jaws meeting anteriorly; chin

jorominent ; teeth moderate, 20 to 25 on each side in upper jaw.

4 series of scales on cheek. 36 to 38 scales in a longitudinal

* In the ' Zoological Record ' for 1916, I named G. ccertdeus as the tj'pe of

Champsochromis; consequently a new name has to be found for the other species

included in Champsochromis by Boulenger.
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series, 5 or 6 from origin of dorsal to lateral line. Dorsal XVII-
XYIII 11-12; last spine ^ length of head. Anal III 9.

Pectoral | length of head. Caudal peduncle 1| as long as deep.

Silvery ; back darker ; an opercular spot.

Description mainly based on a specimen 240 mm. long

(^Moore), which has been compared with one of the types, a skin

of 220 mm. A skeleton has 36 (18+ 18) vertebrae.

2. Rhamphochromis ferqx, sp. n.

'? Hemichromis longicejjs (part.) Giinth. P. Z. S. 1864, p. 313.

Champsochromis longicejys (part.) Bouleng. Cat. Afr. Fish. iii.

p. 434 (1915).

Depth of body 4 in length, length of head 3. Snout a

little less than § length of head. Diameter of eye 6 in length

of head, interorbital width 4^. Jaws meeting anteriorly ; chin

prominent ; teeth strong, 10 to 15 on each side of upper jaw.

3 or 4 series of scales on cheek. 38 or 39 scales in a longi-

tudinal series, 5 or 6 from origin of dorsal to lateral line.

Dorsal XVII 12 ; last spine | length of head. Anal III 10.

Pectoral ^ length of head. Caudal peduncle twice as long as

deep. Silvery ; back darker ; an opercular spot.

Two spirit-specimens (i)/oore,jSe??c^«?Z), 200 and 240 mm. in total

length. Giinther's second type-specimen of H. longiceps probably
belongs to this species.

3. Rhamphochromis macrophthalmus, sp. n. (PI. VI. fig. 2.)

Depth of body 4 to 41 in length, length of head 2-|. Diameter
of eye 2^ in length of snout, 5 in length of head, equal to

interorbital width. 3 or 4 series of scales on cheek. 38 to 40
scales in a longitudinal series, 5 to 7 from first dorsal spine to

lateral line. Dorsal XVIII-XIX 11-12 ; last spine i length
of head. Anal III 10. Pectoral |- length of head. Caudal
peduncle twice as long as deep. Silvery ; back darker ; a blackish
opercular spot ; dorsal and caudal greyish, pelvics and anal
orange.

Three examples, 200 to 230 mm. in total length [Wood).

4. Rhamphochromis woodi, sp. n.

Champsochromis longiceps (part.) Bouleng. Cat. Afr. Fish. iii.

p. 434, fig. 296 (1915).

Depth of body 4 to 4| in length, length of head 2| to 2|.
Snout ^ length of head. Diameter of eye 6 to 8 in length of

head, interorbital width 4| to 5. Lower jaw projecting. 5 or 6

series of scales on cheek. 38 to 40 scales in a longitudinal series,

6 or 7 from origin of dorsal to lateral line. Dorsal XVII-XIX
11-12; last spine i to i length of head. Anal III 10-11.
Pectoral | or a little less than | length of head. Caudal peduncle
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1| to 2 as long as deep. Silvery, back darker ; an opercular spot

;

soft dorsal and caudal spotted.

Four specimens, the one fig-ured by Boulenger, 330 mm. long

(Bhoades), and three of 160 to 215 mm. (Wood). A skeleton has

38 (18 + 20) vertebrae.

5. RUAMPHOCHROMIS ESOX.

Paratilapia esox (part.) Boulenger, Ann. & Mag. IST. H. (8) ii.

1908, p. 240.

Chamjjsochromis longiceps (part.) Boulenger, Cat. Xh\ Fish. iii.

p. 434(1915).
Ghampsochromis esox (part.) Boulenger, t. c. p. 435, fig. 297.

Depth of body 4| in length, length of head 3. Snout with

convex upper profile, g length of head. Diameter of eye 7^ to S^^

•in length of head, interorbital width 3|. Lower jaw projecting;

only the inner edge of praemaxillary sheathed by preeorbital.

5 or 6 series of scales on cheek. 43 or 44 scales in a longitudinal

series, 7 or 8 from origin of dorsal to lateral line. Dorsal XVIII-
XX 12; last spine -1- length of head. Anal III 10. Pectoral
i length of head. Caudal peduncle 2| as long as deep. Silvery;

back darker ; an opercular spot and a lateral band.

Two spirit-specimens, one of 370 mm. the type figured by
Boulenger, the other 330 mm. long (il/oore), and a skeleton with

39 (19 + 20) vertebrae.

6. Rhamphochrgmis leptosoma, sp, n.

Paratilapia esox (part.) Bouleng. Ann. & Mag. X. H. (8) ii.

1908, p. 240.

Cham^isochromis esox (pait.) Bouleng. Cat. Afr. Fish, iii, p. 435

(1915).

Depth of body 5^ in length, length of head 3. Snout

h length of head, with straight upper profile ; diameter of eye 7k
in length of head, interorbital width 4. Distal half of praemaxil-

lary sheathed by prseorbital for nearl}^ its whole width ; jaws

meeting antei'iorly, but chin ])rominent. 6 series of scales on
cheek. 43 scales in a longitudinal series, 7 from origin of dorsal

to lateral line. Dorsal XJX 13 ; last spine -^ length of head,

daudtd peduncle 2| as long as deep. Silvery ; back darker

;

a dark opercular ^pot and a lateral band.

A single specimen, one of the types of P. esox, 380 mm. in

total length.

15. AuLGNGCARA, gen. n.

Fron^l, nasal, orbital, praeopercular, and mandibular bones

with large channels with wide openings as Trematocara, from

which Aulonocara may be distinguished externally by the bicuspid

outer teeth, the moi'e numerous dorsal spines, and the presence of

two lateral lines.
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AULO^S-QCARA NYASS^, Sp. n. (PI. Y. fig. 1.)

Depth of body 2^ to 3 in length, length of head 2| to 3.

Snout with straight or slightly convex profile, as long as post-

orbital part of head. Diameter of eye 34- to 3| in length of head,

equal to or greater than prEeorbital depth, greater than inter-

orbital width. Jaws equal anteriorly; maxillary concealed, not
extending to below eye ; teeth small and slender, in 4 or 5 series,

outer bicuspid, scarcely larger than inner. 9 or 10 gill-rakers on
lower part of anterior ai'ch. Pharyngeal teeth small, slender,

bicuspid. 31 or 32 scales in a longitudinal series, 5 or 6 from
origin of dorsal to lateral line. Dorsal XV--XVI 10-11 ; last

spine f to I length of head. Anal III 9 ; third spine stronger

and as long as or a little shorter than last dorsal. Pectoral as

long as head, reaching anal. Caudal scaly, emarginate. Caudal
peduncle longer than deep. Silvery ; an opercular spot ; about
10 faint dark cross-bars ; dorsal with series of oi-ange spots

;

lower fins orange ( $ ) or blackish, the anal with orange
spots (J).

Three specimens, 100-125 mm. long (Wood).

EXPLANATION OF THE PLATES.

Plate I. Haplochromis pohjstigma.

Plate II. ,, woodi.

Plate III. „ praorhitalis.

Plate IV. fig. 1. „ eucinostomus.

fig. 2. ,. macrostoma.

Plate Y. fig. 1. Aulonocara nyassce.

fig. 2. Hapliichromis longipes.

Plate VI. fig. 1. JRliamphocliromis macroplitlialmus.

fig. 2. Ilaplocliromis spilorhynchus.

Proc. Zool. See—1921, No. XLIX. 49
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37. Note on the Systematic Position and Distribution of the

Actiniau Sagartia lucice. By J. Playfair McMurrich,
O.M.Z.S.

[Received September 19, 1921 : Read October 18, 1921.]

(Text-figures 1-4.)

During the last twenty years the small Actinian known as

Sagartia lucim has frequently been an object of study, and much
is known as to its variations, methods of reproduction, powers of

regeneration, reaction to light, locomotion, and general ecology.

As yet, however, it has not been subjected to an anatomical
investigation sufficientl}'^ detailed to reveal the features by which
its systematic position may be determined.

It was first described in 1898 by V'errill, who gave a fairly

full description of its external form and coloration, without,
however, consideinng its anatomical structure. Later, Mrs. G. C.

Davenport (1903) in a study of the variations in the number and
arrangement of the vertical orange stripes, which are usually

such a chai'acteristic feature in the coloration of the column-
wall, showed that reproduction by longitudinal division or by
basal fragmentation was of frequent occurrence, variations in the
number of the orange stripes resulting therefrom, as well as

probably valuations in the arra,ngement of the mesenteries, which,

in the individuals with twelv^e stripes, were stated to be usually

arranged in twenty-four pairs. But still there was lacking a
sufficiently detailed account of the anatomy of the species to

determine definitely its systematic affiliations, and other papers

that have since dealt with it have not altered the situation in

this respect. It may be well, therefore, to put on record some
observations that were made several years ago, especially as they
led to interesting conclusions not only as to the systematic

position of the form, but also as to its distribution.

Concerning the disk and tentacles little need be said, further

than to note the weakness of their musculature, the ectodermal
fibres of the tentacles forming a simple layer on the smooth, or

but slightly folded, surface of the mesogloea ; on the disk they
may even be absent. Between the bases of the outermost ten-

tacles and the apparent margin of the column there is a deep
fosse, which is vei-y characteristic of the species (text-fig. 1 ). It

is evidently equivalent to the thin portion of the column-wall that

intervenes in Meti-ldium senilis between the outermost tentacles

and the so-called collar, this latter being the upper edge of the
strong mesoglceal sphincter. But whereas in 3ietridiuin this

thin portion of the column is fully exposed in expansion, in

Sagartia lucice it remains introverted, thus producing the
characteristic fosse. The mesogloea forming its walls is very thin

and smooth on both surfaces, and both the endodei-m and ectoderm
49^'
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are also thin, the latter containing a few scattered and almost

spherical mucous glands, without distinct indication of muscle

fibres. The outer wall of the fosse joins the column proper at the

apparent margin, and at once a change of structure is observable.

The niesogloea becomes decidedly thicker and its outer surface

irregular; the ectoderm thickens and becomes richly supplied

with gland cells, which, with the greater thickness of the layer,

assume an oval or pyriform shape ; and a weak circular endo-
dermal musculature becomes evident. But there is no sign of a

sphincter, either endodermal or mesogloeal. One would expect

Text-fisfure 1.

Sections through the margin and outermost tentacles of an individual from

Woods Hole. ^=tentacle ; wj=margin.

to find a mesogloeal sphincter just below the apparent margin,

but in the several individuals that were sectioned I looked in

vain for even traces of it.

In two particulars, then, Sagartia h(xue differs notably from

the typical members of the genus to which it has been assigned,

namely, in the presence of a- deep fosse and in the absence of a

mesoglosal sphincter. In the one feature it shows some resem-

blance to Metridiimi, and in the absence of a sphincter it is
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paralleled by some membei'S of the genus Aijitasia ;
neither of

these- genera, however, belonging to the same subfamily as

Sagartia.

When one comes to consider the arrangement of the mesen-

teries, difficulties are at once encountered, because of the tendency

of the species to repi-oduce by longitudinal fission. Some half-

dozen individuals of which serial sections were prepared all

showed irregularities in the arrangement of the mesenteries that

may be reasonably attributed to this process, but nevertheless,

they permit of inferences as to what the arrangement may have

been before fission occurred. Three individuals may be taken as

examples (text-fig. 2). In each of these in sections through the

middle of the column there was a deep siphonoglyph at one end

of the long axis of the stomoda?um, and to this a pair of directive

mesenteries with Avell-developed muscle pennons was attached.

Opposite it was a second siphonoglyph which was relatively quite

shallow, and to this a second pair of directives was attached, the

Text-figure 2.

Diagi'aras showing the arrangement of the mesenteries in three individuals

from Woods Hole, Mass.

muscle pennons of these being, however, very imperfectly de-

veloped. On either side of the fully-developed directives there

were representatives of two cycles of imperfect mesenteries, and

then came on either side a pair of perfect ones. So far the

arrangement is quite regular except for the imperfect develop-

ment of one siphonoglyph and its directives, but in two of the

individuals, one member of each of the lateral pairs (II. and VI.)

was decidedly less developed than the other. In these same two

individuals (B and C) the pair II. is succeeded by another perfect

pair (III.) poorly developed, and next this is the second pair of

directives (IV.), no imperfect pairs occurring in the interspaces

between II. and III. and III. and IV. Similarly, another pair

of perfect mesenteries (V.) with fully-developed muscle pennons

occurs between IV. and VI., and while no imperfect pairs occur

in the interval between these and IV., in the interval on the other

side there is in one individual a single small pair and in the
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other two such pairs. These two individuals have, then, six

pairs of perfect mesenteries and a number of imperfect, ones

disposed unsymmetrically. It is to be noted that this arrange-

ment is that found in sections passing through the aboral half

of the stomodfeum ; higher up, close to the bases of the tentacles,

a number of additional rudimentary mesenteries may be found,

but these need not be considered at present.

In the third individual (A) there were but five pairs of perfect

mesenteries in sections passing through the aboral half of the

stomodfeum. Higher up, however, six occurred, with repre-

sentatives of two cycles of imperfect ones in the intervals on
either side of the fully-developed directives and in that between
YI. and V., but only a single feeble pair in each of the other

intervals. Following the series of sections aborally it is found
that the change from the conditions showing six pairs of perfect

mesenteries to that showing only five is due to the disappearance

of a member of each of the pairs II. and III. together with the

intervening impei-fect mesenteries, the remaining members of

the perfect pairs thus being brought into apposition and seeming
to form a, single pair.

The explanation which seems to fit these cases is that each is

an example of a,n individual that has undergone longitudinal

fission. The half of the body with the deep siphonoglyph and the

I'epresentatives of three cycles of mesenteries shows the normal
symmetrical arrangement characteristic of the species, and the

ii-regularities and feeble development in the other half are

indications of an attempt to regenerate the disturbed symmetry.
It may be concluded that in the original individuals developed

from ova there were three cycles of mesenteries arranged
hexamerously, only those of the first cycle being perfect. The
reproductive elements were not sufiiciently developed in any of

the individuals collected at Woods Hole to allow of a determina-

tion of their distribution, but in specimens collected at Plymouth
it was found that they were limited to the pairs of the second
and third cycles, i.e., to the imperfect mesenteries. It may be
added that both oral and marginal stomata occurred in the

perfect mesenteries. Acontia are present, but are not abundant.
The structural features, then, that may be supposed to be

characteristic of individuals that have not undergone fission are

(1) the occui-rence of a well-defined fosse; (2) the absence of a
mesogloeal sphincter; (3) the occurrence of but six pairs of

perfect mesenteries, which are also sterile, the reproductive

elements being limited to the imperfect cycles. But before

considering the significance of these features it will be well to

consider the geographical disti'ibution of the species.

Yerrill's original description of Sagartia lucice (1898) was
based on individuals collected in Long Island Sound. He states

that his attention was first directed to it in 1892 and expresses

his conviction that it did not occur in any quantity in that

region throughout the period 1865-1890. Furthermore it was
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stated to occur at Woods Hole in 1898, and Verrill collected there

extensively during the period 1871-1887 without finding it.

Parker (1902) added to these data observations on its occurrence

at jSTevvport in 1895 and at Nahant in 1899, it having been
unknown in either of these localities before the dates mentioned,
and he also records its occurrence at Salem, Mass., in 1901, that

being apparently the northern limit of its distribution at that

time. The records brought together by Parker seem to show
clearly that the species has rapidly increased its distribution, at

first eastward and then northward, until in ten years after it

was first observed in Long Island Sound it had reached Salem.
I have nothing to add to these records, except to state that in

the summers of 1889 and 1890 I made special efforts to collect

representatives of all the Actinian species occurring in the Woods
Hole region and feel certain that, if Sagartia lucice had occurred

in that locality at that time in any considerable numbers,
I could not have failed, as I did, to find it.

But whence did it come to Long Island Sound ? Verrill

suggests that it might have been brought from farther south on
the shells of oysters that, were annually brought north in large

quantities and deposited in the waters of the Sound, and this

possibility seems to find support in the following observations.

In 1 887 I described as Sagartia pitstulata a form found on dead
shells in shallow water in the vicinity of Beaufort, IST.C. Its

specific name was suggested by the appearance given to the

column by the longitudinal and circular furrows that beset it, an
appearance that may frequently be observed in living examples
of S. lucice, which form it also resembled in its coloration,

except that the orange stripes of the column were lacking. This
may seem an important difference, but vindoubted individuals of

S. lucice without the characteristic stripes have been observed
(Davenport, 1903; Walton, 1908). Unfoi'tunately my prepara-

tions of S . picstulcotcc are unsatisfactory and the preserved material

has long since disappeared, so that I cannot determine the extent

of its similarity to /S'. lucice. This much, however, is certain, it

has no sphincter ; but there were only slight indications of the
fosse, and it was not possible to determine the arrangement of

the mesenteries. The points of resemblance shown by the two
forms suggest their identity, but further observations are

necessary to establish this and with it the extension of the
distribution of the species so far to the south.

But the story of the distribution is far from being completed
with the consideration of the west coast of the North Atlantic.

Walton (1908) has placed on record the discovery at Plymouth
in 1896 of a form Avhich Mrs. Davenport later identified with

S. lucice. Previous to the date mentioned it had not been found
in that locality, notwithstanding the extensive collections that

had been made there, and from the Millbay Docks, where it was
first observed, it has extended throughout the entire harbour and
is now one of the common forms inhabiting the district. The
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evidence points to its being an introduced form, possibly from
the other side of the Atlantic, but AValton suggests that neither

New England nor South Devon was its original home, it having
been introdviced into both localities at approximately the same
time.

There is another possibility, or rather a strong probability.

In 1846 Mr. W. P. Cocks captured at St. Ives, on the north

coast of Cornwall, a form which he later (1851) described as

Actinia chrysosplenium. He sent drawings and a description of

it to Johnston, who included it in his ' History of the British

Zoophytes' (1847), and he conferred the same favour on P. H.
Gosse, the drawing being this time the coloured one which is to

be found reproduced in plate vi. of the 'Actinologia Britannica'

(1860). Gosse referred it, with some doubts, to the genus
Sagartia and added thi^ee additional localities at which it was
found by Mr. Cocks, all on the Cornish coast, but neither he nor
Johnston had personal knowledge of the form, their descriptions

being based on notes furnished by Cocks.

Oocks's original figures do not suggest much resemblance to

S. hicice ; they show relatively large circular spots scattered over

the column, looking like verrucpe, but representing really, as may
be gathered from the description, spots of bright yellow, the

ground-colour varying " from a bright pea-green to the dark holly-

leaf tint." But it is also stated that the yellow may be arranged

in stripes instead of spots, and in the figure reproduced by Gosse

it is so represented, the similarity to the coloration of S. lucice

being thus very great. In Gosse's figure, however, the tentacles

are shown as if very few in number and j)lump ; Cocks's original

figure, on the other hand, represents them as much more numerous
and tapering, quite as they are in S. lucice. Combining the two
figures, then, olie would have a fairly accurate representation of

a S. lucice, both as regards its external form and its coloration.

It is true that no acontia were observed ; but S. lucice is somewhat
sluggish in emitting them, and the comparison that Cocks makes
in a letter to Gosse of the appearance of the column-wall to that

of a piece of " india-rubber when j^ierced with a pin" may well

have been suggested by the somewhat pustulous appearance
frequently presented by S. lucice. Indeed; making allowances

for the imperfections of descriptions of Actiniae written before

1860, I do not hesitate to express the opinion that when
examples of Cocks's species, taken in his localities, are studied,

they Avill be found to be identical Avith ^S'. lucice.

If this opinion be correct then the species has been located on
the southern coast of England at least since 1846, and its

appearance at Plymouth in 1896 may have been merely an
easterly extension of its area of distribution, similar to Avhat

occurred on the NeAv England coast betAveen 1891 and 1901.

This Avould seem a simpler explanation of the facts than the

supposition that it had been introduced from some distant

locality.
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I have sectioned a number of examples collected at Plymouth
and find that they agree in all essential points with thofre from
the New England coast. The irregularity of the mesenteries

Avas somewhat more pronounced, one individual (text-fig. 3), for

example, showing in sections through the aboral half of the

stomodajum only two pairs of perfect mesenteries, situated

opposite one another, one pair being directives attached to a

Avell-developed siphonoglyph, while in the other pair the muscle

pennons were on adjacent sui'faces and there was no siphono-

glyph. The members of this second pair, however, were attached

to the stomodfeum opposite the middle of its longer axis, and,

although there were no mesenteries of younger cycles intervening,

it seems probable that they represent members of two different

pairs, II. and VI., there having been a failure of regeneration,

after longitudinal fission, of the typical mesenteries. In the

intervals between the directives and each of the other perfect

mesenteries there were representatives of two other imperfect

cycles, sj'mmetrically an-anged, those representing the second

cycle bearing reproductive elements.

Text-fio-ure 3.

Diagram of the avran^'emeiit of the mesenteries in an individual from Plvmouth.

Nor is the story of the distribution yet complete. In the

summers of 1909 and 1911 I collected at the Canadian Biological

Station at Departure Bay, on the east coast of Vancouver Island,

an Actinian whose superficial resemblance to S. lucice of ISTew

England was most striking, the only noticeable diflference being

a somewhat greater average size. They were of the same green

colour, the column was adorned with the same characteristic

longitudinal stripes of yellow or orange, and the tentacles showed
the same form and coloration. They were found on Jesse Island,

not far from the station, among the barnacles that closely

covered the face of a large rock, in such a situation that for hours

each day they were exposed by the tide. This was the only

location in which they were observed in these years ; but on a

third visit to the station in 1912, I found them quite abundant
in slight depi'essions and crevices in the sloping rocks forming
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the shore at the station, again well above low-water mark, so
that they remained exposed to the air for several hovirs at each
tide. I am confident that they did not occur on these rocks in
the earlier years; had they then secured foothold upon them
they could hardly have escaped observation. The rock on Jesse
Island is not far from the station, but their extension to the
latter locality is of interest in connection with the migrations of
jS. htcice on the New England coast and at Plymouth. Many
years ago Mr. Alexander Agassiz gave me a number of drawings
of Actinians that he had collected in the Gulf of Georgia in 1859,
and among these there were two that were unmistakably
representations of the form under consideration. The drawings
were made from specimens collected on Galliano Island, and
furnish certain proof that the form has been in existence on the
Canadian Pacific coast for over sixty years at least.

Diagrams showing the arrangement of the mesenteries in three individuals

from Departure Bay, British Columbia.

As has been stated, these Pacific forms resemble aS'. lucice in

their external form and coloration ; their anatomical structure is

also the same. They shoAv a similar fosse, complete absence of a

sphincter, and a similar ari'angement of the mesenteries. The
iri-egularities of the mesenteries were not so marked as in the

Plymouth examples, but were nevertheless quite evident, as may be

seen from the diagrams (text-fig. 4), which represent the arrange-

ment observed in three individuals. In each case the individual

was monoglyphic, with but a single pair of directives, and in one

case there were only four pairs of perfect mesenteries, in the

other two five pairs. Two cycles of imperfect and fertile

mesenteries were present, in one case arranged symmetrically

with regard to the four perfect pairs, but in the others showing-

some irregularity, and in the example with four pairs of perfect

.mesenteries representatives of a third imperfect cycle, without

mesenterial filaments or reproductive elements, occurred in two
of the interspaces. Acontia were present, but not abundant.

There can be no doubt as to the specific identity of the
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Yaiicouver Island forms with those from New England and
Plymouth, so that we now know of three areas inhabited by the

species, separated from one another by wide intervals, two of

them by the North Atlantic Ocean and the other from these by
the whole width of the North American Continent. Further-

more, there is the certainty that the species has been " in

residence " on the Canadian Pacific coast for over sixty years,

and if the suggestion be correct that it has been secondarily

inti"oduced into the other two areas, the Pacific may have been
its original home. But Mr. Cocks's discovery of his A. chryso-

sj^lenium on the Cornish coast dates back seventy-five years, and
this lessens the probability of the introduction hypothesis. There
is another possibility, however, namely, that originally the species

had a circumpolar distribution, like Metridium senilis, Uriicina

felina^ and a number of other Ccelenterate forms, and that its

present areas of distribution are but separated remains of a much
larger area. If further observations should reveal its presence

on the Asiatic side of the Pacific the pi-obability of this

suggestion would be greatly increased* ; in the meantime it is

merely offered as an alternative to the introduction hypothesis.

But no matter what the original home of the species may have
been, the evidence is clear that in each of its known localities

it has in recent years more or less markedly extended its dis-

tribution. The cause of this is also obscure. It scores largely

in favour of the introduction hypothesis, but is not necessarily a

proof of it. It may be a phenomenon in some respects and on
a lesser seal 3 comparable to the migration of the Colorado

Potato Beetle many years ago, but as to the influences that

determine it in three widely separated areas I have no suggestion

to make.
To return now to a consideration of the systematic affinities of

the species. The possession of acontia marks it as a member of

the family Sagartiadee, a family in which several subdivisions are

now recognized. From the subfamily Phellinse it is excluded

by the thinness of the column-wall and by the fact that acontia

may be extruded through the wall, and it finds no place among
the Sagartiinse, since it has not more than six pairs of perfect

mesenteries, these being also sterile. This leaves only the

Metridiinse and the Aiptasiinpe for its reception, and it is very

doubtful if the separation of these two groups can be maintained.

For the Aiptasiinfe difi'er from the Metridiinse only negatively,

in the lack of a mesogloeal sphincter, and since it may be

supposed that they are descendants of forms possessing that

structure, its absence in them is due tu a process of reduction

and is of less importance than the arrangement of the mesenteries.

Fvirthermore, I have found in Aiptasia [Heteractis) lucicla faint

indications of a mesogloeal sphincter, and, I may add, since this

* Since possibilities are being discussed I may suggest that perhaps the form
collected by Stimpson in Hong Kong Harbour and described by Verrill (1869) as

Sogartia Uneata maj' be the Asiatic representative of S. Incice.
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observation Ims not been confirmed by others (Duerden, Pax)

who have studied that species, that a qiiite distinct though feeble

mesogloeal sphincter occurs in A. pallida. In the airangenient

of the mesenteries the Aiptasias agree with the Metridiina3, so

that their separation from that subfamily seems to be artificial

and unnecessary.

S. lucioi agiees with the majority of the Aiptasias in lacking

a mesoglcBal sphincter and in the possession of not more than six

pairs of perfect mesenteries, and, with the Aiptasias, should be

assigned to the subfamily Metridiinae. That means that it is

not entitled to the generic term Sagartioj. When Gosse (1855)

established the genus Sagariia he included in it all the forms

known to him to possess acontia, with the exception of Adamsia
palliata, which had already been assigned to a special genus by

Forbes. In the list of the forms belonging to the new genus,

Gosse placed viduata (efosta) first, and it might therefore be

taken as the type species, but later, in the 'Actinologia Britannica'

(1860), Gosse proposed the subdivision of Sagartia into a number
of subgenera, retaining the original name for a group of forms

of which miniata is the type, while viduata is referred with

troglodytes (undata) and parasitica (polypus) to a subgenus

Gylista. This complicates matters ; for miniata and the other

forms that Gosse associated with it are, apparently, referable to

the older genus Cereus, and if this be the case Sagartia becomes

merely a synonym, unless viduata (effceta) be accepted as its

type species. This seems the proper thing to do, for otherwise

the confusion that now exists in Actinian nomenclature would

become still worse confounded.

Sagartia viduata, or, to give it its more correct i\a.me,S.effo2ta'L.,

has no fosse and a well-developed mesogloeal sphincter ; my pre-

parations from specimens collected at Plymouth do not allow of

certainty as to the arrangement of the mesenteries, though the

indications were that more than six pairs were perfect, but

Carlgren (1893) has shown that this is the case. Sagartia, then,

as is seemly, belongs to the subfamily Sagartiinse, and our

S. hocice cannot be referred to it. What, then, is the proper

generic term for this species? It has some resemblance to

Jiptasia, but, lacking the characteristic double row of permanent

cinclides of that genus, it cannot well be included in it. It has

already been pointed out that there is a strong probability,

indeed, I believe it is more than a probability, that it is identical

with the A. chrysosplenium of Cocks, and that form Gosse

recognized as a Sagartia, referring it to a special subgenus

Chrysoela. If my belief as to its identity is well founded,

S. hocice should • be known as Chrysoela chrysosplenium (Cocks)

Gosse. At all events it is not a Sagartia, nor can it be assigned

to any of the genera now recognized.
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Introduction.

The literature of the tongues of the Lemuroidea and Tarsioidea

is extensive, but it deals mainly with the organs of taste and the
characters and significance of the sublingua. A few tongues have
heen described in detail in monographs on certain animals *,

but little attention has been paid to some features which are of

value for purposes of classsification. The present paper is based
on the examination of specimens in the Society's Prosectorium
and the Museum of the Royal College of Surgeons, the latter

being described as Mus. R.C.S.

In the Lemuroidea and Tarsioidea the foramen caecum and
apical gland of Nuhn are absent. Some have no lateral organs,

and the lytta appears for the first time in the Primates. The
frenal lameilce are sometimes very complex.

The Suhlingua.

The first description was contained in Tiedemann's paper on
Stenojjs (18), but John Hunter had observed it previously and
likened it to the tongue of a bird. It. is horny, devoid of taste

buds, and fixed to the mandible by a frenum. Small muscle
bundles derived from the hyoglossus and genioglossus run into it.

It is Ija-ate (Lemuridse and Indrisidai) or tongue-shaped
(Lorisidfe and Galagidse), and has a variable number of apical

denticles which differ in character in different animals ; these are
absent in Tarsius and Chiromys, but the latter has a strong
projection on the centre of its anterior border.

* See papers 2, 3, 6, 1, 13, 14, and 16 in Bibliography.
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Crests are present on the ventral surface in all species. They

are three in number in the Indrisidse and Lemuridfe, except

Microcehus, but only one is present in the Lorisidse, Galagidse,

Microaehus, Ghiromys, and Tarsius. The dorsal surface bears a

crest of variable size in the Lorisidae and Galagidge, the most

pronounced one occurring in Pe7-odicticus potto.

The consistence varies greatly. In all the Lemuroidea the

snblingua is horny, but in Tarsius it is soft. In the Lemnridee

and Indrisidaj the entire sublingua is uniformly thick, but in the

Lorisid*, Galagidse, and Chiromys the central parts are thicker

and harder than the lateral parts. The horny covering is pro-

duced bv an excessive thickening of the stratum corneum.

In Lemur the sublingua can be separated to a considerable

extent from the under surface of the tongue, but in Tarsius they

cannot be separated, for the sublingua is demarcated from the

tonoue by a slight groove only. In the Lorisidse and Galagidse

the degree of mobility is intermediate, and in Chiromys it is

greater than that described in the writings of Gegenbaur (5) and

Pocock(15).
I have already summarised the differences between the sub-

linguse of the Prosimiae and Marsupialia (20).

Flower (4) and Pocock (15) believe that the function of the

sublingua is to clean tlie posterior surfaces of the incisor teeth

;

but others think it has no function, and regard it purely from

the point of view of phylogeny. I believe that the sublingua of

the Marsupialia is entirely a vestigial structure.

The Lytta.

The tongues of the Lemuroidea and Tarsioidea have lyttse

which are of two kinds:— 1. The lytta of the tongue. 2. The

lytta of the sublingua.

The lytta of the sublingua is absent in Lemiir, double in

Tarsius, and single in Perodicticus and Loi^is ;
in all these forms

it is internal, but in Chiromys it forms a strong, external,

nodulated ridge ending anteriorly in a hook.

The lytta of the tongue is present in Perodicticus, Loris, and

Chiro?nys, but Gegenbaur and Owen missed it in the latter. It

is connected to the lytta of the sublingua by connective tissue.

I have nothing to add to existing accounts of the histology of

the sublingua and lytta.

Family L E M u R id ie.

Genus Lemur.

In all species the apex is rounded and covered with small

conical and fungiform papillae, but has no notch. The lateral

borders increase in thickness from before backwards and have

lateral organs at their posterior extremities. The oral part of the

dorsum possesses several wide, shallow transverse ridges and

sulci, and there is a smooth, non-papillary area in front of the
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epiglottis bisented by the median glosso-epiglottic fold. Small
ridges may be pi^esent under the apex and send forward pointed
processes (text-fig. 66 C).

Text-fiffure 66.

J >'''i' JL *

The tongues o£ Lemur catta (A) and Ni/cticehiis tardigradus (B) ; C and D.

the under surfaces of two examples of the tongue of Lemttr rnfifrons.

The circamvallate papillse are arranged in Y-formation in must

species. They are round or oval, and ai-e surrounded by an
annular or lobulated vallum. They may be equal in size, or

the most posterior papilla may be the largest. The following

arrangements were seen by me or recorded by others :

—

1. Lemur catta : Six papillfe in Y-formation (text-fig. 66 A).

2. L.fidvus: ISTine papillae in Y-formation (text-fig. 67 A).

3. L. fulvus rufifrons : Nine papillae in Y-formation (text-

fig. 67 E).

4. L. macaco : Eight papillae in Y-formation (text-fig. 67 F).

5. L. var'tus : Five papillae in Y-formation.

6. L. mongoz : Nine papillae in Y-formation (text-fig. 67 I).

7. L. mongoz : Four papillse forming a double pair.

8. L. melanocephala : Nine papillae in Y-formation (Miinch).

9. L. rubriventer : A pair of papillae (Miinch).

Proc. Zool. Soc—1921, No. L. 50
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The papillee may be concealed by the long conical papillae on
the base of the tongue (text-fig. 67 C), or there may be a clear

zone between them (text-fig. 67 D).

The fungiform papillae, which are small and numerous, str(jtch

right across the dorsum, but have the usual aiu-angement in

clusters and rows. The transverse ridges extend far forwai'ds at

the expense of the apical cluster. On the ventral papillary zone
they are scanty and only form a single row.

Text-figure 67.

O (D ©

c. (2)

©
©
(2)

©
®
®

nrrrmyn

-1 l~ c.

orrn^

The vallate papillae of the Leuiuvoidea : A-D. Xieimirfiihms ; E. L. riijifrons
;

P-H. i. macaco ; I. i. mongos ; Ja-Jc. plan and elevation of papillae of

i. ruhriventer ; Jd. fungiform papillae of Lemur.

The conical papillae (text-fig. 68 A) have the usual arrange-
ments in clusters and rows, and their points run in the usual

directions. Those on the oral part of the dorsum are small, but
those on the pharyngeal part are big and cjdindrical or scale-like.

These two groups are separated by a line of demarcation concave
forwards, lying a little in front of the vallate papillary area. The
points of the basal papillaj are straight or recurved. This
arrangement is also present in Hapcdemur, according to Beddard

(1), and Chiromys, but is absent in Microcebus, the Lorisidai;,

Galagidas, and Tcm'sius,

The lateral organs (text-fig. 68 B-E) consist of laminae and
sulci on the dorsum alone {L. inacaco) or on the lateral borders

and inferior surface. The central laminae are larger than the
lateral ones, and the inner border of each organ is convex towards
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the lateral vallate papilla? as in the Simiichie. Tlie relative

position of these papilla? to the organs varies in different species,

lying level with tlie central or posterior laminae. In Microcehus

the lateral organs are absent, and this condition, together with
the number and arrangement of the vallate papillae and state

of the conical papillae, links the tongue to those of the Lorisidae

and Ga.lagidae, and distinguishes it from those of Lemur. The
numbers of laminae and sulci frequently differ in the two organs
of the same tongue, and the secondary sulci may be well marked
or indistinct.

Text-figure 68.

hwm^

A. Conical papillaj oi Lemur; B-E. lateral organs of i. catta (B), L. fidvus (C),

L. macaco (D), L. viongoz (E) ; F. cross sections of tlie tongue of Chiromys

in the anterior (a) and middle (b) tliirds : (s. sublingua, 1.1. lytta of tongue,

l.s. lytta of sublingua).

The ventral papillary zone is narrow and has many conical but

few fungiform papillae, and the ventral mesial sulcus may contain

a mesial crest ; it is absent altogether in some examples of each

species, but present in others.

Tlie sublingua (text-fig. 69) is triangular or lyrate, and the

apex is divided into a small group of slender denticles. The
edges are serrated in L. ccitta, L. macaco, a,nd L. varius, and entire

in L.fulviis and L. falvas rufifrons. The median cre.^t is well

developed, but the lateral ventral crests vary in size. Between

the base of the sublingua and the frenal lamellae is a deep sulcus

wliich is sometimes V-shaped.

The frenum consists of two lax portions separated by the sub-

lingua. The first extends from the floor of the mouth to the

under surface of the sublingua, and the second runs from the

upper surface of the sublingua to the mesial ventral sulcus of

50*
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the tongue. The frenal lamellse, which are sometimes complex^

have the following charactei'S :

—

1. L. catta : Inmelhe are two blunt rounded pi^ocesses.

2. L. coronatus : lamellae form a parallel-sided flap.

3. L. macaco : triangular with rounded apex and lobulated

sides,

4. L, varius : two broad flaps with rounded anterior borders

and sharply cut mesial borders.

5. L. onongorj : lamellae form a parallel-sided flap.

The tongues of the species of Lemur resemble those of the

Chimpanzee and Gibbons in the following respects :

—

1. Several vallate papillsG form a Y.

2. The conical papillae on the pharyngeal part of the tongue

are much larger than those on the oral part.

3. The lateral organs are situated at the posterior parts of

the lateral borders and are convex towards the lateral vallate

papilla?.

The tongues difier from those of the Orang-Outan and Man^
Avhich have no large conical papillae on the pharyngeal part of

the tongue, and the vallate papilke. form a V. These also have

the Apical Gland of ISTuhn.

They differ from those of the Gorilla and Orang-Outan, whose

lateral organs form ladder-like patterns on the dorsum.

Genus MiCROCEBUs.

Smith's Dwarf Lemur {M. murimis).

Three vallate papillae form a triangle with the base anterior
;

the basal papillfe are small and circular, but the apical papilla i&

large, round, and granular.

The conical papillfe increase in size from the apex of the

tongue to the epiglottis, and those on the base are not dispro-

portionately large as in Lemur and Hajmlemiir.

Lateral organs are absent.

The sublingua is a flat horny plate witli a row of denticles on

its anterior border.

One can see, therefoi-e, that there is no resemblance in any of

the essential points between the tongues of T^emur and Micro-

cebus, but the latter i-esemble those of some of the Lorises^

Galagos, and Pottos, desci-ibed below.

Family Indrisid.e.

Genus Indris.

Flower (4) described the tongue of J. hrevicaudatus as

follows :
—" The tongue is long and narrow, with an obtuse

point at the apex, being less truncated than in Lemur. It i&
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2| inches long, antl | inch broad ;!t its widest point. The dorsal

surface is coi^ered with a very close-set velvety pile of small

papillae, app;ii-ently all of one kind. There are two small circum-
vallate papillse, jjj inch apart, just in fi-ont of the attachments of

the palato-glossal folds."

The sublingu?e resemble those of the Lemuridce.

Text-figure 69.

The sublingua of Lemur catta (A.B), L. fidvus (C), L. rufifrons (D), L. macaco

(E ) ; Nycticebiis tardicfradns (F.G) ; Loris gracilis (H) ; Perodicticiis potto

(I); Hemigalago demidoffi (J); Galago crassicaudata (K) ; Tarsiits sjjec-

trum (L).

Family L o r i s i D ,e.

Genus ISIycticebus.

The Slow Loris (y. tardigradus).

Three preserved specimens were examined, and their lateral

borders were seen to have no lateral organs. The apex, sulci,

and bare area in front of the epiglottis were similar to those of

Lemur.
Three vallate papillae (text-fig. 66 B) form an equilateral tri-

angle with the base behind. All are circular, prominent, and
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finely grannlav ; the fossae are well marked and the Valiums

appear as clear zones. They are conical on elevation, the bases

of the cones projecting beyond the fossae. In two specimens the

papillae are of equal size, but in the third (Mus. R.C.S.) the apical

papilla is smaller than the basal ones.

The fungiform papillae are not numerous, and form a dorsal

bounding zone on which they have the usual arrangement in rows

and clusters, but the apical cluster is small ; and they are few in

number on the ventral papillary zone.

The conical papillae have the usual arrangement in clusters and

rows ; they increase in size from apex to epiglottis, and there is

no sharp transition between small conical papillae on the oral and

large papillae on the pharyngeal part of the dorsum as in Lemur
and Eajxdemur.

Lateral organs are absent.

The sublingua differed in two of my specimens. In the first it

is tongue-shaped with a broad base whose angles are rounded,

and its area is half that of the inferior surface of the tongue.

The denticles on the centre of the anterior border are large, but

the more lateral ones are smaller. The central part of the sub-

lingua is thick and strong, but the lateral parts are thin. On
the ventral surface there is only one strong median ridge, and

the upper surface has a strong I'idge which is received into the

median ventral siilcus of the tongue. The frenum is long and

lax, so the sublingua is freely mova.ble. In my second specimen

the sublingua has no rounded basal angles, the apical denticles

ai-e more closely packed, there is only a faint ridge on the upper

surface, and the whole organ is more fixed to the under surface

of the tongue.

The frenal lamellae of the first specimen are broad, with bluntly

rounded apices, but they are narrow and pointed in the second

example. Supplementary lamellae were present in Pocock's spe-

cimen (15).

The median ventral sulcus has no crest, but receives the ridge

on the upper surface of the sublingua.

Genus LoRis.

The Slexder Louis (Loris gracilis).

The conical tongue narrows rapidly from base to apex, and its

proportions are small.

Three vacate papillae form an isosceles triangle with the apex

behind. All are circular, furrowed, and granular, and are sur-

rounded by prominent Valiums. None are overlapped by conical

papillse.

The fungiform papillae differ from those of Nijcticehus tarcli-

grcidus in that they extend right across the dorsum. They have

the usual arrangement in rows and clustei's, but the transverse
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rows extend far forwards at the expense of the apical chister.

Those at the posterior part of the oral division of the dorsum are

large, hemispherical, polished, and close together. Few are pre-

sent on the inferior surface of the tongue.

The conical papillte resemble those of Nycticebus tardigradus

in their mode of enlargement from before backwards, and differ

from those of Lemur and Hajxilemur. Most of the papillae are

cylindrical, and are surrounded by zones of interpapillary

dorsum.
Lateral organs are absent.

The following account of the subliugua (text-fig. 69) is supple-

mentary to those of Tiedemann (18), Otto, Vrolik (16), and
Gegenbaur (5). It is leaf-shaped and wrap2:)ed round the convex
inferior surface of the tongue, so it is concavo-convex on cross

section. The edges are finely crenated and the apex is sharp.

The denticles are smaller, less numerous, and more closely packed
than those of Nycticehus tardigradus, but the characters of the

central and lateral parts are similar in both cases. The mesial

dorsal crest is not so pronounced as that of some examples of

Xycticehus. but is equal to that of others. Both species have
equally mobile sublingupe, but the freedom is less than that of

Lemur.
The frenal lamellte are two small, rounded processes whose

edges extend postero-laterally for a considerable flistance. No
accessory lamellpe are present.

The median ventral sulcus resembles that of Nycticehus tardi-

gradus.

Genus Perodicticus.

Bosman's Potto (Pe^-odicticus jmtto).

The tongue, which narrows slightly from base to aj^ex, has no
apical notch and no mesial dorsal sulcus, but possesses a few
small, narrow transverse sulci in the posterior part of the oral

division of the dorsum.
The circumvallate papillae. —Van der Hoeven (6) described and

figured three large papillae in a triangle with the apex behind.

In the specimen in the Museum of the Royal College of Surgeons
there are three large excavated papillae forming a triangle. In
my specimen there are three in a triangle, but the apical papilla

is divided into two large elongated parts enclosed in the one
fossa.

The fungiform and conical papillae do not differ materially

from those of Nycticehus tairligradus

.

Lateral organs are absent.

The sublingua is tongue-shaped and has nine apical denticles

as in P. iheamcs. Its strong median ventral crest is bifurcated

postei-iorly, and the dorsal ridge is larger and sharper than that

of any other species which I examined. The edges are devoid of
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serrations and tAie degree of mobility is equal to that which

exists in JS'ycticehus and Loris (text-fig. 69).

Nussbaum (11) pointed out that the sublingua has a rod-like

core, which he termed the " lyssa of the sublingua." It has a

connective-tissue sheath and consists of fat, cartilage, and

connective tissue. It is connected above to the lyssa of the

tongu'^ which contains fat, connective tissue, and mviscle fibres.

The frenal lamellae are two conical processes whose crenated

edges extend postero-laterally almost as far as the palato-glosaal

folds.

The median ventral sulcus has no crest, but receives the

prominent median dorsal ridge on the sublingua.

Family Galagid.^.

Genus Galago.

The Bushy-tailed Galago (G. crassicaudata). Mus. R.C.8.

The tongue was preserved, so no measurements were made.

Three vallate papillse are arranged in the form of an isosceles

triangle with long sides. They are large, oval, and excavated,

the fossae are patulous, and the Valiums appear as clear zones.

The basal pair are opposite the attachments of the palato-glossal

folds. Flower (4) also recorded three papillae in the form of a

triangle.

The fungiform papillae are small, rounded, and arranged in the

usual manner.
The conical papillae increase in size from before-backwards,

and there is no sharp line of contrast between those on the oral

and those on the pharyngeal parts of the tongue as in Lemur and

Hapalemur. Flower states that they are thick on the base of

the tongue. They have denticulated points directed backwards.

Tlie lateral organs are absent, the mesial ventral sulcus has no
crest, and the ventral papillary zone has no fungiform papillae.

The sublingua (text-fig. 69), which is flat, horny, and tongue-

shaped, has a rounded anterior border bearing sixteen squat

sharp-pointed denticles. It covers rather more than half of the

width of the under surface of the tongue and half of the length

of the free part between the apex and frenum. The sides are

parallel and entire. Flower's specimen had uptvu^ned edges and

a downwardly-directed apex which adapted its form to that of

the under surface of the tongue.

Genus Hemigalago.

Demidoff's Hemigalago .(^. demidoffi).

The small conical tongues of both my specimens have tlu-ee

vallate papillae arranged in the form of a triangle with the apex
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directed backwards ; the basal papillae are small and circular, and
the apical papilla is large, circular, and granular, witli a patulous
fossa.

The fungiform papillae ai-e not numerous, but stand up
prominently. They have the usual arrangement, but tlie apical

cluster is small. They form a well-marked row of closely-set

elements on the posterior third of each lateral border of the

tongue. None are present on the inferior surface of the tongue.

The conical papillfe give the surface of the tongue a finely-

granular appearance. They increase in size fi-om before back-
wards, and thei-e is no sharp contrast between the papilla? on the
oral and pharyngeal parts of the tongue as in Lemur and
Hapalemur. When tlie tougue is dried they stand up promi-
nently and reach a higher level than the summits of the
fungiform papillae. They form a narrow venti-a,l papillary zone.

Lateral organs are absent.

The sublingua (text-fig. 69), which is flat, horny, and tongue-
shaped, has a rounded, denticulated, comb-like anterior border,

and nearly parallel, entire edges. It has a well-marked median
crest, but no lateral ridges, and it covers a larger area of the
under surface of the tongue than that of the Galago.

The frenal lamellfe are small and pointed, and the mesial

ventral sulcus does not contain a. crest.

Pocock (15) described nine apical denticles on the sublingua of

Galago monieiri.

Family C n i k o m y i D je.

Genus Chiromys.

The aye-Aye (C. madagascariensis).

The following description is supplementary to the existing

accounts by Owen (13) and Peters (14) :

—

Measurements.— Total length 4-6 cm. ; oral part 3*1 cm. ;

pharyngeal part -5 cm. ; width between the lingual attachments
of the palato-glossal folds 1*6 cm.
The apex is thick and rounded, but has no notch, and the

massive lateral borders are devoid of lateral organs. Mesial

doi'sal and mesial ventral sulci are absent.

Three cii'cumvallate papillas are arranged in the form of a

triangle with the apex behind. All are circular and granular,

and surrounded by nodulated Valiums. Owen described two
papillfe, about two lines apart, lying about an inch and a half

behind the apex of the tongue. Peters recorded three papillae

arranged in a triangle, and figured nodulated Valiums.

The fungiform papillae ai^e not numerous. They extend right

across the dorsum, but are scanty in the middle line. They have
the usual arrangement, but the apical dorsal cluster is small.

One large papilla bisects the base of the vallate papillary triangle.
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Koiie are present on the inferior surface of the tongue. They
are smooth or granular, and ai'e hemisphei-ical or pedunculated.

The conical papillpe have the usual arrangement. They are

closely packed and exhibit considerable mutual compression.

Some are low and cylindrical, but othei's stand up prominently.

The papillfe on the oral pax't of the tongue are smaller than

those on the base, and a line of demarcation, concave forwards,

separates the two groups. The tongue resembles those of Lemar
and HapalemuT in this respect, and difiers from those of the

Lorises, Pottos, and Galagos. There is also an area devoid of

papilla? in front of the epiglottis ; this is bisected by the median
glosso-epiglottic fold.

The sublingua has been described by Owen (13), Gegenbaur (5),

and Pocock (15), but several details are omitted, or not sufficiently

emphasised, in their accounts.

It is a tia,t horny plate with entire lateral margins iuid a

rounded anterior border with a central projection, whose point

marks the place where the strong, denticulated median ventral

ridge bends downwards in a hook. This crest increases in depth

from behind-forwards, and its hook lies 9 mm. posterior to the

apex of the tongue.

It was shown in the descriptions of the sublingufe of the

Lorises that there is a thick central strip and two thin lateral

parts. The same parts are present in CMroinys, but differ from

those of the Lorises in that the central part is adherent to the

under surface of the tongue, but the lateral parts are free ; in

the Lorises, on the other hand, both parts are fi'ee. Gegenbaur
and Pocock both describe a free lateral margin, but do not give

any idea of the extent of the free part. In mv specimen the

total width of the sublingua is 1-2 cm.; the central firm a.dlierent

part is -6 cm. wide, and each free lateral part is 'S cm, wide. A
probe can be passed for a considerable distance between the

under surface of the tongue and the sublingua. No denticles

project from the anterior border.

Pocock (15) described the two small glandular (?) pockets on

each side of the frenum, and pointed out that the frenal lamellge

are narrow.

Gegenbaur (5) described the horny natui^e of the sublingua,

but did not show how the thickness vai^ies in different parts.

Although one thinks that the central parts are thicker than the

lateral parts, when the tongue is entire, one sees that the reverse

is the case when sections are made. The apparent thickness of

the central part is due to a downward projection of the lingual

muscles to which the central part of the sublingua is closely

applied (text-fig. 68 F).

The Lytta—The tongue possesses a sti-ong median ridge on
the vmder surface of the sublingua, which Owen termed the
" lytta." He did not describe sections of the tongue, for a well-

developed lytta is pi-esent close to the sublingua. Gegenbaur
made the same omission, but Nussbamn (11) recorded its
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presence. It is united to the upper surface of the sublingua in

the median part of the latter. The condition resembles that of

Ferodicticiis, in which there are lingual and sublingual lyttse.

In the latter species both lyttae are internal. The position of the

lytta in different pai-ts of the tongue is seen in text-fig. 68 F.

Family T A r s 1 1 D .E.

Genus Tarsii:s.

The Tarsier {T. sjyectrum).

The classical work of Burmeister (2) and the subsequent

papers by Gegenbaur (5) and Pocock (15) have dealt with most

points, so the work of any observer is now comparatively limited.

In the specimen in the Museum of the Royal College of

Surgeons the shape of the tongue and the characters of the

vallate, fungiform, and conical papil]a3 are similar to those

described by Burmeister. That author does not mention that

the lateral organs are absent. There is no great contrast between

the conical papillte on the oral part of the tongue and those on

the base.

The sublingua is soft and defined from the under surface of

the tongue by a groove only ; it is tlie most adherent sublingua

among the Prosimia?. The median ventral rod does not termi-

nate in a knob as in Pocock's specimen, but its free anterior

extremity is i-ounded (text-fig. 69), and is slightly turned

downwards as in Chiromys; as the specimen was preserved, I

am unable to say whether this curving of the ridge was produced

by the alcohol.

The frenal lamelliB are two conical tapering processes, and

difier from the conditions recorded by Burmeister and Pocock.

Simimary and Conclusions.

1. The tongues of the species of Lemur resemble those of the

Chimpanzee and Gibbons in the Y-formation of their vallate

papillfe, their convex lateral organs, and the contrast between

the large conical papilla; on the pharj-ngeal j)art of the tongue

and small ones on the oral part. They difier from the tongues

of Man and the Orang-Outan in that the latter have no large

conical papillae on the base of the tongue, and their vallate

papillse form a V. They difier from the tongues of the Gorilla

and Orang-Outan, whose lateral organs form ladder-like patterns

on the dorsum of the tongue.

2. The tongue of JUicrocebns difiers in the essential features

from those of the species of Lemur, and resembles those of the

Lorises, Galagos, and Pottos.

3. The tongues of the Lorisidae and Galagid?e diff"er from those

of Lemur in so many features that they are important fo.r

purposes of clas.sification. i^dding them to other characters
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described by Pocock, Forsyth Major, and others, we obtain the
following comparison :

—

Lemur. Lorisidce and Gcdagidce.

1. Vallate papilliB form a Y. 1. Vallate papillpe form a, tri-

angle.

2. Lateral organs convex. 2. Lateral oi'gans absent.

3. Conical papillae small on the 3. Conical pajjillte increase

oral part of the tongue gradually from the apex
and large on the base. of the tongue to the epi-

glottis.

4. Sublingua triangular or 4. Sublingua tongue -shaped,
lyrate, with apical den- with- denticles along its

tides. anterior border.

5. Urethra opens above tip of 5. Clitoris traversed by urethra,
clitoris.

6. Ectotympanic annular or 6. Ectotymj)anic external to

horseshoe-shaped and in- bulla, of which it forms
side bulla. the outer wall.

I have not had the opportunity of examining the tongues of

the Indrisidee, but published accounts and illustrations ally them,

to those of Lemur.
4. The tongue of Chiromys has its own characteristic sub-

lingua, which has a lai^ger area free from the tongue than
existing accounts lead one to expect. It has no lateral organs,

but its basal conical papillae are large. It has two or three

vallate papillaj. Its characters resemble those of I^einur on the
one hand and those of the Lorisidse and Galagidse on the other.

5. The tongue of Tarsius spectrutn has the most adherent
sublingua. It stands by itself in the consistence and size of the
sublingua and the characters of its vallate papilla?.

6. The frenal lamellae are frequently very complex, and
supplementary lameilee are present in Nycticehus tardigradus.

7. The foramen caecum and Apical Gland of Nuhn are absent.

8. The lytta is present in several forms, and is frequently

accompanied hj a central axis, or lytta, of the sublingua. In
the other Primates this is absent.
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of the Primates. By Charles F. Sonntag, • M.D.,

F.Z.S., Anatomist to the Society.

[Received August 8, 1921 : Read November 8, 1921.]

Introduction.

In the five precerling papers of tliis series I described the

struQture of the tongues of the Primates and gave a short

account of the physiology of the lingual glands. I also drew
attention to a number of points bearing on the phylogeny of the

tongue. In the present paper I have summarised these observa-

tions and pointed out how the lingual characters support systems

of classification which have been based on external and skeletal

characters.

Summary.

Pigmentation.—Most of the pigmented forms are included in

the Cebidie. The colour, which is yellow, green, brown or bluish-

black, especially the latter, is uniformly distributed all over the

dorsum, or the pigmented and colourless parts may form definite

patterns ; in Ateles grisescens, for example, there is a wliite cross

on a brown background. The vallate and fungiform papilhe may
be pigmented (e. g. in Hylohates lar) or colourless, but the

lateral organs and central parts of the inferior surfa.ce of the

tongue are always white. If several examples of each pigmented

species are examined it will be seen that the colour varies

considerably, so is of no value for purposes of classification.

Most specimens of Cercopithecus 2)citcis,iov example, have reddish-

yellow tongues, but some tongues are colourless, and the fungi-

form papillae of Cercopithecus tantalus are yellow or coloui-less.

The bluish-black colour persists longest in preserving fluids.

Form and /'roportions.—Most tongues are conical, but a few
are oval, spatulate or rectangular ; and shape is of no value for

comparative purposes.

In most of the Primates the tongue is long and comparatively

narrow, but in Anthropopithecus troglodytes and Gorilla gorilla

the tongue of tlie young animal is relatively wider than that of

the adult. I did not, however, see such variations in Cerco-

pithecus patas or Macacus sinicus, of which I examined very

young and adult examples.

Cunningham showed that the tongue of Simla satyrus resembles

that of Homo most closely in the relative propoi-tions of length

and width.

The Apex is round, truncated or pointed, and may or may not

ha.ve a notch, but the latter is usually absent from the fresh

tongue. It is comparatively smooth, or roughened and tvibercu-
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lated by small conical and fungiform papillae. The relative

quantities of fungiform papillae on and immediately behind the

apex vary ; in the Simiid{ie and Cercopitheciclfe they are

numerous and thickly clustered, but in the other families they

are few and discrete.

In some species of Lemtir the apex exhibits a number of sharp-

pointed processes prolonged forwards from ridges on the inferior

surface of the tongue, but these vary even in different examples

of each species.

Sulci and Eiclges.—Few fresh tongues have median dorsal

sulci on the oral part of the dorsum, but many preserved

specimens do ; and I observed a well-marked median sulcus on

the pharyngeal part in Anthrojyopithecus troglodytes alone. The

most pronounced mesial dorsal sulcus which I observed occurred

in Mystax 'urstdus. Median dorsal ridges are present in some

Lemmoidea and Hapalidte.

Wide, shallow transverse sulci separating Ioav wide transverse

ridges are present on the fresh tongues of Lemur caita and

Hapcde jacchus ; and fine narrow sulci are seen in Gorilla gorilla

and Perodictictis jJOtto. Some of the fine sulci and ridges remind

one of the patterns of fissures and ridges on the finger-tips.

The median ventral sulcus is present in most tongues, and is

never an artefact induced by preserving fluids as is the doi'sal

one in bottled specimens. It is narrow and deep, or wide and

shallovv, and it frequently opens posterioi'ly into a triangular

fossa which recieves the upper end of the freuum. In some of

the Lemuroidea it receives the median doi-sal crest of the

sublingua, and it recesses the crest on the dorsal surface of the

fi'enal lamella of Cehusfatuelhts.

In Gorilla, gorilla, some species of Hylohates and some of the

Lemuroidea it contains a fixed crest ; and it has been stated that

the crest is a remnant of the sublingua, but the presence of both

these structures in some Lemurs would seem to disprove that

theory. .

Lateral Borders.—The edges of the tongue are sharp, or full

and rounded, and increase in thickness from before backwards in

most species. Those of Chiromys madagascariensis are more

massive in propoi'tion to the size of the tongue than those of any

other species of the Primates. Of the Pithecoids Simia satyrus

and AnthropopHhecus have the most massive lateral borders.

In Tarsius spectrum, Microcebus, Chiromys, and all Lorisidfe

and Galagidse the lateral borders are devoid of lateral organs

and, as I hope to show in a future paper, this has 9.n important

beaiing on phylogeny. In Gorilla gorilla and /Simia satyrus

only small parts of the lateral organs are found on the lateral

boi'ders, but in all other Primates the greater part is found

there.

The conical and fungiform papillfe on the lateral borders are

arranged in vertical rows and the points of the former are

directed backwai'ds.
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Distrihntion of the Pajnllce.—In nil Primates except some
specimens of Siinia satyrus and Symphatangus syiidactylus, some
Lemuroidea and Homo, papillfe cover the entire dorsum, apex,
lateral borders, and a bounding zone of the inferior surface. In
all these species there are smooth non-pa.pillai\y areas on the base
of the tongue, and in the Lemurs the area is bisected by the
median glosso-epiglottic fold.

The ventral 'papillary zone varies greatly in width, and its

characters are of limited value for purposes of classification. It

is wide in the Simiidae, Oercopithecidse, and in Gehus, Ateles, and
Lagothrix, but is narrow or absent in all other Pi-i mates. In
species with a wide zone the conical and fungiform papillae are
numerous, but in those with a narrow zone there are few or no
fungiforms. In Gorilla gorilla many of the fine transverse sulci

on the dorsum cut the lateral borders and run inwards on the
ventral papillary zone.

The Circuinvallate Pa,pillce.—In my pajjer on the tongues of

the Cercopithecidte I showed that all the papillary patterns

present in the family will be seen in most species if snfiicient

examples of each are examined. The whole series may quickly

appear or it may be necessary to examine many. I a.m not
prepared, however, to apply this i-ule to any other family except
the Hapalidse, as insuflicient specimens have come to hand.

In the following list of papillary patterns, P means two
. papillfe forming a pair, and D.P. indicates four papillae arranged
in a double pair. The Y type means that there are several

papillfe present and does not include forms in which the four
pa|3ill8e of a double pair are arranged in a Y.

Family. Patterns of vallate papillce.

Simiidfe Y. T. V. A-
Oercopithecida? T. V. A- D.P.
Cebida? V. A. P. D.P.
Hapalidoe A-
Lemurida? Y. A- D.P.
Lorisida? A-
Galagida? A- P-

Oliiromyidaj ^. P.

Tarsiidie Three papillae arranged in a line.

One can see, therefore, that the Simiidfe and Lemuridae ai-e

the only families whose tongues possess more than four papillae

arranged in a Y, and it will be shown later that they differ from
all other Primates in other respects.

The papillae are round or oval on plan and conical on elevation,

with the bases of the cones projecting beyond the Valiums.

The Fungiform Papilla} stretch right across the dorsum, or are

absent from the centre thereby forming a dorsal bounding zone.

They form a cluster behind the apex, but are arranged in rows

Proc. Zool. Soc—1921, No. LI. 51
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of vaiying degrees of obliquity behind that. The apical cluster

is large in the Simiidae and Cercopithecidae, but in all other

families the transverse rows extend far forwards at its expense.

In the majority of tongues with large apical clusters tliere are

many fungiform ])apilhe on the ventral papillary zone.

It has been shown by Tuckerman that the fungiform pspillfe

of the apical cluster have many taste-buds.

In some specimens of Anthropopiiliecus troglodytes there is a

row of prominent fungiform papillte occupying the mid-dorsal

line of the tongue and replacing the median dorsal sulcus.

It is sometimes impossible to tell whether a pa.pilla at the

posterior part of the oral division of the dorsum is a large

fungiform or small vallate form, for fossa and vallum may be

indistinguishable even through a strong lens. Histological

examination is the only proof. The fungiform papillse may have

no taste-buds or these, if present, lie on the free upper surface of

the papilla ; in the vallate papillae, on the other hand, the taste-

buds never lie on the free upper surface of the papill;i., but are

deep down on one or both sides of the fossa.

In some tongues there are more fungiform papilke than are

visible to the naked eye, for some are entirely concealed by
overhanging conical papillte (e. g. Antliropoiyithecus troglodytes).

The fungiform papillae on the ventral zone may be thickly

clustered at the apex of the tongue and scanty further back, or

vice versa, and the examples, and the rows in which they a.re

arranged are close together or discrete.

From the point of view of classification the most important

features are the size of the apical dorsal cluster and the presence

or absence of the fungiform papillae on the ventral papillary zone.

Although their presence or absence in the centre of the oral

part of the dorsum varies greatly, it is not a character of

sufficient distinctness to be of value for purposes of classification.

The Conical Papilloi vary in size and arrangement in the

different families, and there are three types of the former :

—

1. The papillae on the pharyngeal part of the tongue ai-e

small :

—

Homo, Simia satyrtts.

2. The papillae on the oral part of the tongue are compara-

tively small, but those on the pharyngeal part are large and
prominent:

—

Gorilla gorilla, AathropopitTiecus troglodytes, all

species of Hylohates, all species of Lemur, Chiromys onadagas-

cariensis, a,nd Tarsius spectrum. This type also occurs in some
lower Mammalia.

3. The papilla? gradually increase in size from the apex of the

tongue back to the epiglottis :—Cercopithecidae, Cebidae, Hnpalidse,

Lorisidae, and Galagidae. This arrangement is also present in

Microcehus in which the vallate papillae form a triangle, so the

papillae are of value for distinguishing it from Lemur.
The arrangement of the papillfe distinguishes most of the

Cebidae from all other families. In the latter they form a cluster

behind the apex and rows of varying degrees of obliquity behind
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that, but in tlie Cebidas they are dotted irregularly all over the

dorsum.
The tongues with smooth non-papillarjr areas on the pharyngeal

pai"t of the dorsum have been enumerated above.

In most Primates the points on the oral part of the dorsum
look backwards or backwards and iuAvards, but in some specimens
of Simia satynos and Cercojnthecus cetlilops those on the centre of

the oral part rini in all directions.

In the Oebida?, HapalidiE, Lemuroidea, and Tarsioidea the
conical papill?e are mostly pointed, and cylindrical and globular

forms are uncommon. In the other families there is a good
admixture of all types.

The Lateral Organs present numerous forms and are of value

for purposes of classification :

—

1. Organs absent:

—

Illcrocebus, Chiromys, Tarsius, the Lori-

sidfe and Galagid?e.

2. The lamina) and sulci form ladder-like patterns on the
dorsum of the tongue, and only their outer ends cut the lateral

borders of the tongue :

—

Gorilla gor'dla and Simia satyrus.

3. The organs are convex towards the lateral vallate papillte:

—

Authropopithecus troglodytes, Hylohates (all species), Lemur (all

species).

4. There are rows of short laminas and sulci on the lateral

borders of the tongue :—Cerco^ijithecidee.

5. The inner borders of the organs are concave towards the
lateral vallate papillpe :— Cebida^.

6. A few faint irregular laminfe and sulci are present on the
lateral borders of the tongue :—Hapalidae.

In very few -specimens did I find an equal number of lamina
and sulci in the two organs of the sa.me tongue. But one must
be careful not to mistake simple folds of the mucosa at either

end of the organs for lamina?. Histological examination is the
only true test in doubtful cases, for it reveals the presence of

taste-buds in the true larainse.

In a few species of Cercopitliecus one may find fungiform
})apill8e situated on the laminte of the lateral organs.

The degree of protrusion of the laminse and depth of the sulci

vary not only in difterent animals but in several examples of

each.

The lAngual Glands are divided into apical and basal parts, but
the former is most variable.

The Apical Gland, of Nthhn is present only in Homo and Simia
satyrus. Oppel believes that it is a piece which has become cut

off from a forward prolongation of the basal glandular mass.

The basal mass in the Marsupialia sends forwards two prolonga-

tions of variable stoutness, and it is possible that the Apical
Gland of Nnhn has been cut off from one of these. If that were
so it would support Gegenbaiu-'s view that the tongues of the
Prima,tes have evolved from those of the Marsupialia.

The sei'ous and mucous glands on the phaiyngeal part of the
51*
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tongue fire developed to an equal degree in the Primates, but

the degree of developTnent of the entire basal mass varies.

The jiharyngeal part of the tongue possesses a variable degree

of development of lymphoid nodules, and a variable number of

orifices of pits and the ducts of glands ; and the latter are

of value for distinguishing the tongues of the various genera of

the Cercopithecidse from one another. Orifices are visible in all

Oercopithecidse, but are absent from most Cebidse, so are of

classificatory importance when taken in conjunction Avith the

characters of the la.teral organs and mode of arrangement of

the conical papilla?. The following are the characters of the

orifices in the Cercopithecidpe :

—

Genus Preshytes :—Orifices larger and more patulous than in

any other genus, and lie in the centres of large round glandular

areas. Tlie salivary glands are enormous.

Genus Cei-copithecus :—Orifices well-marked, discrete and not

patulous, and no white areas present aroiind them.

Genus Macacns :—Orifices like pin points.

Genus Cercocebus :—Small duct oi'ifices present at the sides of

the base of the tongue.

Genus Papio :—Large duct orifices present at the sides of the

base of the tongue.

In many of the Cebidse the nodules on the base form zones,

with coneaA^e anterior borders, in front of the epiglottis, but 1 did

not observe a similar condition in any other family.

The Prenal Lamella varies greatly in the Primates, and appears

to belong to the floor of the mouth rather than to the tongue.

It varies even in several examples of the same species, so is of

limited value for purposes of classification.

In Homo, Smiia satyrus, and some specimens of Sym2'>]iatangi{s

syndactylns it appears as two simple folds over Wharton's Ducts
;

but Mr. Pocock informs me tha,t he observed two well-marked

processes in a young Simia. satyrus. I cannot believe, however,
in conformity with my observations on the tongues of other

animals, that reduction in the lamella is a, change due to

advancing years. In other species the lamella appeal's as a

triangular or tongue-shaped process Avith an entiie or divided

apex and Avith both edges entire, serrated, or bearing small sharp
points. The sharpest and most prominent points on the edges

occur in Cercopithecits jji^ettssi and some specimens of Celncs

fatuelhis.

The Orifices of Wharton s Ducts vary in their position on the

lamella as folloAA'S :

—

1. On the upper surface

—

Oorilla (jorilJa.

2. On the apex

—

Anthropojntheciis troglodytes.

3. On the under surface

—

Pithecia satanas.

Tlie apical position is the commonest form, hoAvoA^er.

Tuckerman described a rich nerve plexus Avith peripheral nerve

endings in the lamella of Ateles ater, and Gegenbaur considered

that the endino-s Avere tactile in function. As this condition has
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not been found in any otlier ton,2;ue there is insufficient luaterial

in wliich to work out its phylo.i^enetic significance.

Tlie Suhliiigaa.—Tlie various Lemuroidea are difterentiated

from one another by the shape, mobility, and characters of the
crests and denticles as follows :

—

1. Sublingua triangular or lyrate, has tlu-ee ventral crests,

and is veiy mobile. The apex is divided into a brushwork of

denticles :— Lemur, IIa2)aU)aur, Indrisidee.

2. Sublingua a large tlat plate adherent to the under surface

of the tongue by its central parts ; no denticles present, but a
strong keel-like ridge on its under surface projects forwards in

the middle line :

—

Chlromys.

3. Sublingua large, tongue-shaped, but not quite so free as that

of Lemur. There is only one median ventral crest, but the

dorsal surface has a crest of variable prominence. This crest, the

characters of the denticles, and the variations in the consistence

of various parts of the sublingua are important :

—

Tn Microcehtts the sublingua is uniformly thick, the median
dorsal crest is slight, and the denticles are moderately long.

In Nycticebus and Loris the central parts of the sublingua are

thicker than the lateral parts, the median dorsal crest is small

and the denticles are of moderate length ; they are discrete in

the former and close in the latter, but there is no essential

difierence between the sublinguse of these genera.

In Perodicticus the median ventral crest is bifurcated pos-

teriorly, the median dorsal crest is very prominent, and the

denticles are long aiid slender.

In MicrocshiLS, Crcdago, and Hemigalago the anterior border of

the sublingua is broad, Init in Loris and JSfycticehiis it is more or

less pointed.

The Plicce Flmbriatce of the Simiidfe are derived from the sub-

lingua by a process of phylogenetic reduction, and I showed that

the plicae of Anthropopithecus troglodytes with the intervening-

piece of mucosa form a soft triangular field resembling a sub-

lingua ; this is even more marked in the tongue of the new-born
child, as described and figured by Gegenbaur. The plicae of

Phascolarctos cinereus, however, do not bound such an area.

The tongue? of the Gibbons, CercopithecidaB, Cjebidae, and
HapalidfB illustrate the ultimate stage of reduction, for no traces

of the sublingua. or plica are present as a rule in the extra-uterine

vstage. In the fcetal Gibbon, as shown by Deniker, there is a
well-marked sublingua; and I observed two minute plicae in a

young Cercopithecus patas, so it is probable that the foetuses of all

Primates have sublingute.

If one examines a sei-ies of human tongues at diffei-ent ages,

one finds that the new-born child has well-developed plicfe or an
actual sublingua provided with taste-buds. As age advances the

buds disappear and the plicae diminish in size. These taste-buds

probably account for the more acute sense of taste in the child.

Experimental Uiethods also demonstrate that the sense of taste
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elicited by appliciitions of solutions to the centre of the oral part
of the dorsum diminishes as age advances.

This atrophy of structure following loss of function may have
plaj^ed an important part in the reduction in and ultimate loss of

the primitive Mammalian tongue.

2%e Lytla.—Two forms are to be recognised :—The lytta of

the tongue and tlie lytta of the sublingua. And Gegenbaur
showed that the latter, Avhen present, appears in one of two
forms. In Stenoi^s it forms a strong central supporting rod, but
in Tai-sms it is double. In Lemur it' is absent altogether. Owen
descril)ed the keel on the ventral surface of the sublingua as the
lytta, but sections through the tongue show a well-marked lytta

inside ; it is connected in the middle to the sublingua.

Classification.

The structures which are of value for purposes of classification

ai'e :

—

1. The number and arrangement of the vallate papillae.

2. The aiTangement of the conical papillae on the oral part of

the dorsum.
3. The mode in which the conical papilhe increase in size from

before backwards.
4. The size of the cluster of fungiform papillte on the dorsum

behind the apex of the tongue.

5. The characters of the lateral organs.

6. The width of the ventral papillary zone, with the number,
characters, and arrangement of its papillae.

7. The presence or absence and chaiucters of the lyttae of

tongue and sublingua.

8. The presence or absence of the apical gland of Nuhn, and
the characters of the orifices of ducts and pits on the pharyngeal

part of the dorsum
9. The sublingua and plicae fimbriatae.

These features are of specific value in the case of all the

Simiidae, except Hylohates, and many of the Lemuroidea, but

they are of generic value only in all other Primates. They lend

additional weight to some schemes of classification I ased on

external and skeletal characters; in some cases they help us to

settle points which are not supported by a large body of A-ery

conclusive evidence.

The tongue of Simia satyrus resembles that of Homo most
closely. Both have rounded apices, and their form and general

proportions are similar. They haA'e no large conical papillae on

the base of the tongue, and their vallate papihae form a Y. The
frenal lamellae are two small folds over Wharton's Ducts, and
their plicae fimbriatae are equally developed, but smaller thair

those of other Primates ; and they are the only Primates possess-

ing an Apical Glaaid of K"uhn. In Simia saiyrus the lateral
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organs are better develoj^ed, and the conical papiilse on the oral

part of the dorsum include more pointed forms, but Homo alone
of all tlie Primates possesses a foramen Cfecum.

The ladder-like patterns formed by the Lateral organs distin-

guish Simla satyo'us and Gorilla gorilla from all other Simiidaj

which have organs convex towax'ds the lateral vallate papilla;, but
the tongue of Gorilla gorilla has enormous conical papillae on the
pharyngeal part of the tongue, large plicfe fimbriate, a median
ventral crest, and a large triangular frenal lamella ; it has no
Apical Gland of Nuhn, and its vallate papillae foi-m a Y or Y.

The only character which really differentiates Anthrojjoplthecus

troglodytes on the one hand from Hijlobates and SympJiatangus on
the other is the possession of plicae fimbriatse, for there is a
similarity between them in all othei- features ; and Hylobates has
a well-marked, triangular, bifid lamella, whereas Sympliatangus
syndactylus has two small folds over Wharton's Ducts similar to

those of Homo and Simia satyrus. Their vallate papillte form
a Y.

In the Cercopithecidse, Cehida>, and Hapalidas the vallate

papillae never form a Y, the conical papillae on the base of the

tongue are never disproportionately large, and the lateral organs

are neither ladder-like nor convex towards the lateral vallate

papillae. The chief differences between them lie in the characters

of the lateral organs, the size of the apical cluster of fungiform
pa.pilhe, and the mode of arrangement of the conical papillae on

the oral part of the dorsum.

In the Cercopithecidae the lateral organs form rows of laminae

and sulci on the lateral borders, the apical cluster of fungiform
papilhie is large, and the conical papilhe on the oral part of the

dorsum are regularly arranged. The genera are distinguished by
the characters of the orifices of ducts and pits on the pharyngeal

part of the dorsum (page 762).

In the Cebidae the inner borders of the lateral organs are con-

cave towards the lateral vallate papillae, the conical papillae on
the oral part of the dorsum are crowded together without any
definite arrangement, and the apical cluster of fungiform papillae

is small.

The vallate papillae are two in number, and there is a well-

marked median sulcus on the pharyngeal part of the dorsum in

Aotus, but in all other genera there are more than two vallate

papillae, but no basal dorsal sulcus.

The ventral papillary zone is wide, aiid has few fungiform

papillae in Lagothrix^ but it has many papilla? in Ateles and Cebus.

In Ateles the ventral fungiform papillae are most niunerous

round the apex, but in Cebus they are most numerous farther

back.

The ventral papillary zone is narrow in Pithecia, Alouatta,

Callicebus, and Gacajao. It has many fungiform papillae in

Pithecia but few or none in the others ; and Alouatta is the only
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genus possessing large glandular orifices on the base of tlie tongue.

Calliceb'iis has many nodules and few orifices on the base, but

Cacajao has neitiier.

The Hapalidaj always have a vallate triangle and a, few
irregular laminse and sulci in their lateral organs. The pha-

lyngeal part of the tongue occupies a relatively small part of the

whole, and the ventral papillary zone is small or absent. The
conical papillae are regularly arranged and the apical cluster of

fungiform papilhe is small. The lingual characters are not
sufficiently distinctive to classify the genera.

The Lemuroidea and Tarsioidea differ from the Simise in the

possession of a sublingua whose size, consistence, mobility,

denticles, and minute structure vary in different families.

In the Tarsioidea the sublingua is soft, small, devoid of

denticles, and only delimited at the sides from the under surface

of the tongue by a narrow groove. There are no lateral organs,

no large conical papillfe, and few apical fungiform papillae.

In the Lemuroidea the sublingua is large, horny, denticulated,

and is more or less movaible.

In Lemur and Ilapalemur the sublingua is triangular or lyrate,

very free, and has three ventral crests. No lytta is present.

The vallate papilhe form a Y, and the conical papillae on the base
are disproportionately laige. The lateral organs are convex
towards the latei-al A'allate papillae.

In Chiromys the sublingua is tongue-shaped, adherent by its

central pai'fcs, has one ventral crest which is keel-like and
nodulated. It has a lytta inside the tongue. Vallate papillae

form a pair oi- triangle, but never a Y. Conical papilhe on base

of tongue large. No lateral organs.

In Microcebtcs, the Lorisidas and Galagidae the sublingua is a
flat plate with one median ventral crest and a variable dorsal

crest. It varies in mobility, consistence, and denticles, and the
value of these chai-acters has already been described (page 763).
The vallate papilhe form a triangle, but never a Y, the conical

papillae on the base of the tongue are not disproportionately laige,

and lateral organs ai'e absent.

The special points arising from these notes on classification

are :

—

1. The tongue of Simia satyrus resembles that of Homo.
2. Simla satyrus and Gorilla gorilla differ from all otlier

Simiidae in the characters of the lateral organs, but there the
resemblance between these two species stops.

3. The tongue of Hylohates difiers from that of Anthrojjopi-
thecus troglodytes in having no plicae.

4. The separation of Symphatangus from Hylohaies.

5. The great value of the latei'al organs for purposes of

classification.

6. The value of the lingual glands for distinguishing between
the genera of the Cercopithecidae.
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7. The genera of the Hapalida> cannot be distinguished from

one another by the characters of the tongue.

8. The tongues of Lemur and Haixdemihr resemble those of

the Simiidse most closely.

9. It is impossible to ally the tongue of Microcehits with those

of Lemur and Hcqmlemur, but it resembles those of the Lorisidee

and Galagidse.

10. The characters of the tongue at once distinguish the

Lorises, Galagos, and Pottos from Lemur.
11. The tongue of Tarsius resembles neither those of the

Simiidse nor of Lemur, and is hard to distinguish from those of

the Lorisid?e and Galagidse. It has three vallate papillse in a

line, but these may be elements of a triangle which has been

flattened out.

12. The keel on the under surface of the sublingua is not the

true lytta as described by Owen.
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40. On some new Parasitic IVIites..

By Stanley Hirst, F.Z.S.

(Offered for publication by permission of tlie Trustees of the British Museum.)

[Received September 18, 1921 ; Read October 18, 1921.]

(Text-figures 16-43.)

The present paper deals with various parasitic Acari, mostly

belonging to the family Gamasiclse, including eight new species

of Lijionyssus and a new species of PJiinonyssv,s,&\HO two new
genera closely allied to Rhinonyssics. A new Tarsonemid mite

belonging to the genus Poclaj)olvpus is also described, and a new
" Red Spider " {Paratetranychus trinitatis) found on grapes at

Trinidad.

Text-fis'ure 16.

Wiinonyssus novce-guinecB, sp. n., '^ . Ventral view.

Genus Rhinonyssus Trouossart.

RHixojfYSSUS NOv.E-GumEJi:, sp. n. (Text-fig. 16.)

$ . Abdomen not elongated. The spinules or hairs usually

present on the venter in this genus ha,ve practically disappeared,

being mostly replaced by exceedingly rninute and inconspicuous
circular pores. Ancd plate distinct, being elongate pyi'iform ; it

is furnished with a pair of hairs. Second and third coxffi each
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with a pair of very stout cones or tubercles ; the other segments
of the legs a,re provided ventrally with similar stout cones and
also a few spinules.

Length (including capitulum) 'OS mm.
Host: A bird {Craspedo'pliora magnifica), New Guinea. Pro-

fessor Trouessait's collection.

Rhinonyssoides, gen. nov.

Closely allied to JRhinouT/ssus Ti'ouessart, but the chelicera is

very difierently shaped, consisting of a short stout basal jnoition

and a long thin distal style, the latter has a veiy minute lobe

near the distal end, which is very slightly curved, being in the
form of a minute claw-like denticle (text-fig. 17 6).

Text-fioure 17.

Rhinonj/ssoides trouessarti, sp. n., ^ . Ventral view.

a. Palp from below. b. Chelicera.

Rhinonyssoides trouessarti, sp. n. (Text-fig. 17.)

5 . Body shaped as in Rhhwnysstis, the abdomen not elongated
however. Anterior hairs on venter short but quite fine. A
number of hairs ai'e situated posteriorly on the venter ; they are
longer than the anterior pairs of hairs and are fairly slender, the
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basal half being oiil}^ slightl}- thickened, whilst the apical half is

fine. Anal 2)late present, being pyriform in shape and furnished

with three hairs as in Li2:>ojii/ftsiis etc. Pirst free segment of

palp apparently with a process. There is a median row of

minute denticles on the ventral surface of the base of the

capitulum. Anteriorly the second coxa is produced to form a

stout process or spur I'ather similar to that present in the same
position in LijJO'nyssus but thicker and blunter. The spinules or

hairs present on the proximal segments of the legs in Rhinonyssits

are I'eplaced by curious globular structures in this species ; a pair

being situated on each of the first three cox?e and a single globule

on the fourth coxa. Trochanter of first leg with two chitinous

globules ventrally, second and third trochanters each with three

globules and a short pointed spinule, fourth trochanter with
four globules and a short pointed spinule. Distal segments of

legs furnished with short pointed spinules. Claws of fir'st legs

only slightly curved (the claws of the other legs are missing in

the unique specimen).

Length (with capitulum) '92 mm.
Host: A bird {Sphecotheres rnaxillaris), Australia. Professor

Trouessart's collection.

Neonyssus, gen, nov.

Allied to LiponyssiijS but with the palpi shorter, the sternal

plate longer than wide, and the haii-s on the body and legs very
few in numbei'. Differing from lihinonyssus in the presence of

two dorsal shields (an anterior and a posterior one), instead

of only a single anterior shield.

ISTeonyssus intermedius, sp. n, (Text-figs. 18, 19.)

2 . Two dorsal shields both fairl}" large, their surface reticulated

and with numerous punctations, posterior shield with the hinder
end rather bluntly rounded ofi:'. Sternal shield longer than wide,

apparently there are no hairs on it, but tlsere are three miiiute

dots or circles on each side. Genito-ventral plate unusually short.

Anal plate similar to that of L'qyonyssus, being pear-shaped.

Palpus short, being very similar to that of lihinonyssus.

Apparently there is no median groove on the ventral surface of

the capitulum. With the exception of the pair on the anal plate

there seem to be no spines or hairs on the ventral surface.

Peritreme opening dorsallyasin Phinonyssus. Legs rather short,

apparently only the distal segments are furnished with hairs, a
dorsal hair on the tarsus of the third leg being longer than tlie

others, but still it is not very long ; there is also a pair of distal

spines on the ventral surface of this segment. Except for the
dorsal spur on the anterior surface of the second coxa which is

present but quite short (obsolete), the coxse are without hairs or

spines.

It is possible that some of the hairs on the body and limbs of
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the single specimen liave been destroyed by the caustic potash

used in prepai'ing it. It seems probable, however, that this

absence is natural for in general appearance the mite is very

like a Rhinonyssas, and the spines may be reduced or almost

suppressed in the latter genus. There is a fully-developed larva

inside the specimen and it resembles the parent in having only a

few hairs on the legs. The claws of this h\rva ai-ewell developed

and strongly curved.

Length (with capitulum) '53 mm.
Host : The above description is based on a single specimen

labelled " Sur un Oiseau de Madagascar." Professor E. L.

Trouessart's collection.

Genus LiPONYSSUS Kolenati.

The species of this genus are found both on birds and mammals.
Only the species that I have been able to examine personally

are included in the key given below. A number of species are

not in our collection, and these have been left out. Two dorsal

shields are present in the nymphal stages of LijMvyssus, whereas
there is usuallv a single undivided dorsal shield in the adults.

In the adult females of a few species, however, there are two
dorsal shields as in the nymphs : for instance in L. viator^ sp. n.,

where they are shaped exactly as in tjie nymphs of certain other

species. The adult females can always be distinguished by the

presence of separate sternal and genito-ventral plates on
the venter, and by the delicate fan-shaped or semi-circular

genital operculum situated at the front end of the latter plate.

Key to the females of the species of the genus Lvponyssus

present in the British Museum Collection :

—

C Dorsum with two sliields 2.

^]
(. Dorsum with a single shield , 8.

("Posterior of the two dorsal shields verj' small 3.

(. Posterior of the two dorsal shields fairly large 4.

fAnterior dorsal shield small and separated from the

I

minute posterior shield by a considerable space ... L. serpentiumHivat,

I

Anterior dorsal shield rather long and only separated

i^ from the posterior one bj^ a short space L. natricis Gerv.

r Sternal plate quite short, the two posterior hairs on it

^\ long. Anterior spur on second coxa short L. viator, a]), n.

\. Sternal plate longer 5.

C Posterior margin of sternal plate stronglj' chitinised . 6.

(.Posterior margin of sternal plate weakly chitinised... 7.

fPosterior dorsal shield with only three pairs of fairly

j
long hairs i. chiropteralis,

6.<; nom. nov.

1
Posterior dorsal shield \\ith a number of fairly long

L hairs L. nyassce, sp. n.
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fSternal plate with strong reticulate markings. A few

I
of the hairs at the posterior end of the bodj^ longer

y J than the other hairs i. biscutatus, sp. n.

!
Sternal plate smooth. Hairs at posterior end of body

'^ not much longer than the others L.Javensis Oudmns.

fGenito-ventral plate truncate posteriorly and fur-

I

nished with three pairs of hairs L. niadagascariensis,

Q.\ sp. n.

1

Genito-ventral plate rounded off or pointed pos-

l^ teriorly

fSternal plate with a pair of well-defined circula

I
stigma-like markings. Genito-ventrastigma-like markings. Genito-ventral plate \\itli

J three pairs of hairs i. sternalis, sp. ii.

Sternal plate without any circular markings. Genito-

l^ ventral plate with only a single pair of hairs 10.

Sternal plate with the posterior margin thickened i. cetliio'picus, sp. n.

10.

11.

12.

Sternal plate not thickened posteriorly 11.

r Coxaj of legs furnished with distinct dentiform spurs. 12.

1 Coxse of legs without any spurs, except an anterior

C dorsal one on the second coxa 18.

Coxa of second leg with a very large curved outer

spur L. creightoni Hirst.

13.

Coxa of second leg without any very large outer spur. 13.

("Coxa of second leg with two posterior spurs i. sciurinvs, sp. n.

(_Coxa of second leg with only one posterior spur 14.

fSecond coxa with a large curved inner (anterior)

I

spur ventrally. Second tarsus usually ending in

14. <j two spurs, one of which is very stout L. liberiensis Hirst.

(^Second coxa without any anterior inner spur ventrall}-. 15.

rOnly the anterior dorsal spur of the second coxa and

._ J a little outer posterior spur on the third coxa present L. hlanchardi
1°-T Trouessart.

(^Several other spurs present on the coxte as well 16.

fPosterior end of dorsal scutum rounded off or blunt... L. arcuatus C. L. Koch
I and i. carnifex C. L. Koch.

l^ Posterior end of scutum pointed 17.'

( Second coxa with only a very short rounded spur

,-3 posteriorly Xi. confucianus lYwst.

(.Second coxa with a large pointed spur posteriorly ... i. macedonicus, sp. n.

f Posterior end of genito-ventral plate rather wide and

I

blunt or rounded off 19.

18.^
•

I

Posterior end of genito-ventral plate narrower and

1^ usually pointed 21.

C Anal plate rather angular in shape L.flavns Kolenati.

19-

i

(.Anal plate pear-shaped, the sides being curved 20.

(
Size larirer. Dorsal shield elongated and rather narrow.

I

Sternal plate comparatively long and without any

I
distinct markings. Peritreme rather short Z,. ellipticus Kolenati.

I

] Size smaller. Dorsal shield wider. Sternal plate

I shorter and with a few deep curved little impressions

I on each side in the anterior angles. Peritreme long. L. granulosus

[^
Kolenati.
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Sterual plate with three pairs of hairs 22.

21.^
. Sternal plate with two pairs of hairs 23.

Dorsal sliield iKivrow, e.spocially posteriorly (parasitic

on rats) L. bacoti Hirst.

Dorsal sliield wider (parasitic on hen) L. buj-sa Berlese.

rHairs on dorsum onl}' slightly curved X. silmarum
23. •]

Can. & Fanz.

(^ Hairs on dorsum very distinctly curved 24.

r Dorsal shield rather short. Anal plate rather wide

1
and short L. lacertimis Berlese.

24 W

!
Dorsal shield more elongated. Aual plate narrower

1^ and longer L. saurat'iim Ondmns.

LiPONYSSus NATRicis Gerv.

L'vponyssus arabicus milii described from a female specimen

found on a lizard (Agama adramitana) is appareiitly identical

with i. natricis Gerv. I have examined examples of the latter

found on a snake at Florence kindly sent me by Prof. Berlese.

A very minute posterior shield is present on the dorsum in the

adult female, and Berlese seems to have overlooked it. It is

very similar in shape to tha.t present in L. serpentium mihi, but

is longer and only separated from the anterior dorsal shield by a

short space, whereas in the L. serpentium the two dorsal shields

are widely separated from one another.

LiPONYSsus VIATOR, sp. n. (Text-fig. 20.)

2 . There are two dorsal shields, shaped as shown in figure,

the anterior one being slightly produced in the middle posteriorly,

whilst the posterior one has the anterior margin lather strongly

concave
;
posterior dorsal shield shaped rather like a tongue, the

lateral margins being at first convex and then narrowing to form
the bluntly pointed posterior end. Hairs on dorsal shields short,

some of the hairs on the margins of the anterior dorsal shield

are a little longer, and the hairs of the terminal pair on the

posterior shield are longer than the others on its surface.

Lateral hairs on body fairly long and the posterior hairs on
uncovered part of dorsum very much longer than those on the

shields. Sternal plate very short, being in the form of a narrow
transverse strip; it bears three pairs of hairs, those of the

anterior pair are much shorter than the posterior ones, the latter

being much longer than usual. Genito -ventral plate narrov\^, the

posterior end rather 'blunt. Anal plate peai"-shaped . Peritreme

reaching as far forwards as the middle of the second coxa or

somewhat further forwards. A minute and inconspicuous spine

or spur is present on the anterior surface of the second coxa, but

it is much shorter than in most species of Liponf/ssia ; the other

coxsd apparently are without spurs. It is not easy to make out

the denticle on the first free segment of the palp in the specimens

Proc. Zool. Soc.—1921, No. LII. 52
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from Cypsehds afflnis, but it is quite distinct in the example from
Geciiius vcdllanti, being sharply pointed.

Length of body (not including capitulum), 5 •65-"87 mm.
Host : Several specimens from nests of Cypselus afflnis,

Calcutta, collected by C. Paiva (28. vi. 1903) and forwarded to

me by Dr. Nelson Annandale. Also an example fi-om Gecimcs
vcdllanti, Tangier (May 1892), presented to the Museum by
Dr. James Waterston.

Text-fiffure 20.

Lijjonj/ssus viator, sp. ii,, $ . Dorsal view.

a. Sternal plate.

ISToTE.—The specimen from Gecinus vaillanti agrees closely

with those from Cypselus affinis in the structural details given

above, but the posterior dorsal shield is rather more narrow, and
the denticle on the first free segment of the palp distinct.

LiPONYSSUS CHiROPXERALis, nom. nov.

2 . Two dorsal shields are present, their surface being finely

reticulated. The shape of these shields varies somewhat in

specimens from different localities ; the jjosterior one is tongue-

shaped, its hinder end being narrowed and blunt. Hairs on the
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sliields of moderate length ; there are three pairs of these fairly-

long hairs on the posterior shield and also three or four pairs of

very minute and inconspicuous hairs at its posterior end. Hairs
on softer parts of body very numerous, of moderate length and
r.ither thick. Stenud plate trapezoidal, its posterior margin is

very much thickened, being strongly chitinised as in L. cethio-

picns and L. nyassce
;
anterior pair of hairs on it quite short, the

other two pairs usually longer. Genito-ventrcd plate with the
posterior end sharply pointed. Anal plate pear-shaped. Peri-

treme only reaching as far forwards as the middle of the second
coxa or even shorter. First free segment of ^j«^/> with a Avell-

developed process. Second coxa with the anterior spur well-

developed ; apparently there are no other spurs or spines on the
coxae. Bristles on dorsal surface of legs veiy numerous and
rather stout.

Hosts : Bats. On Pipisti-ellus, Ambleside, Windermere
(11. iii. 1912) (J. F. Cormack); ex Dr. J, Waterstoii's coll.

On Mijotis myotls, Oristano, )Sardinia (/Jr. A. II. Krausse)] ex
Hon. N. 0. Rothschild's coll. On bats, at Ain Sefj-a, 8.W.
Algeria (14. v. 1913); ex Hon. N". (J. Kothschild's coll. Oft'

Gtenodactylus gundi, Gorge of Tilaton, El Ivantara ; specimens
collected by tlie Hon. L. W. Rothschild and Dr. E. Hartert.
Also a specimen from a bat, Tabgka, Tiberias (P. E. Schmitz)

;

ex the Hon. N. C. Rothschild's coll.

JSToTE.— Oanestrini, relying upon the colour of living specimens,
considered this species of Liponyssus with two dorsal shields to be
L. arcuatus C. L. Koch (see Prospett. Acar. Ital. i. pp. 120-121,

1885), and Berlese is also of this opinion in his Acari etc. Reprt.
in Italia (Ordo Mesostigmata, p. 22, 1892). Oudemans gives the
name L. arcuatus to quite a difi'erent species with an undivided
scutum (see Arch. ISTaturg. Abt. A. Heft ix. pp. 68-75, 1913).
According to this author the name of this species with two dorsal

shields should be L. 'micsciolbuis C. L. Koch—a mite found on the
house-mouse (see Tijdschr. Ned. Dierk. Ver. (2) vii. p. 293, 1902).
It is impossible to determine the two species said by Kolenati to

have two dorsal shields, viz., Steatonyssits periblepliarus and
;S'. hraohypeltis (see Sitzb. K, Akad. Wiss. Wien, xxxv. pp. 186 &
187, 1859). As it seems to be impossible to ascertain the real

name of this mite, I propose the new name L. chiroiyteralis

f()r it,

Liponyssus nyass^e, sp. n.

$ . Two dorsal shields are present in this species, the anterior
one being very wide; the posterior one is much narrower aiul

shaped like that of L. cethiopicus, sp. n., and L. chiropteralis,

being tongue-shaped and with the anterior margin distinctly

concave. It differs from the posterior dorsal shield of L. chiro-

pteralis in having a number of moderately long hairs on its

surface instead of only three pairs as in that species. Hairs on
uncovered (softer) part of dorsum numerous, stiff", of moderate

52*
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length, and sbarplj'' pointed much as in L. citiro2)teralis. Stenicd

plate i-ather weakly chitinised except the posterioi' margin, whicli

is very much thickened and sUghtly concave as in L. clviroj)teralis

and L. cethlopicus ; there are numerous fine transverse linear

markings on its sui'face and the three paii'S of hairs are long and
fine, Genito-ventrcd plate with the posterior end rather bluntly

Text-fieure 21.

lAponifssus hiscutatus, sp. i)., ^ . Dorsal view.

pointed, and it has only one pair of hairs on it. Anal jilate pear-

shaped. Hairs on venter numerous, fine and of moderate length.

Peritreme extending a little further forwards than the middle of

the second coxa. First free segment of palp with a ventral

process. With the exception of the well-developed anterior spur

on the second coxa, the coxae are without spurs or spines. Legs
furnished with numerous fine hairs or setse.

/lost : Elephant shrew, Chiromo, Nyasaland ; ex Coll. of

Imperial Bureau of Entomology.
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LipuNYssus BiscuTATus, sp. 11. (Text-tigs. 21, 22.)

5 . Dorsal shields two in number, both are faii'ly wide, the

outline of the posterioi" one is shaped rather like a thimble or

cone, the blunt apex of which is the posterior end. Hairs on
scutum not numerous and arranged as shown in figure, those in

the middle of its surface are short, but the ones on the margins
of the anterior plate are longer. Hairs on softer part of dorsum
much longer than those on the dorsal shields, a few at the
posterior end of the body being considerably longer than the
others. Hairs on venter fine and of moderate length. Sternal

plate large and its surface is strongly reticulated ; its posterior

Text-figure 22.

JJpnm/sxux hiscntatnx, sp. n., 9 • Ventral view.

margin is concave ; three pairs of hairs are present on it, the
first pair being short and weak, the posterior pairs very long.

Genito-ventral plate narrowed posteriorly to form a sharp point.

Anal -plate pyriform and rather longer than usual. Peritreme
reaching as far forwards as the middle of the second coxa or

slightly further. First free segment of the palp furnished with
a strong pointed tooth-like process. Anterioi'ly the second coxa
has the usual spur, otherwise the coxas are devoid of spurs.

Hairs on legs quite fine, none of them being spiniform.
Length of body (not including capitulum) "65 mm.
Host : Dendropicus cardmalis, South Africa.



780 MR. STANLEY IIIRST ON SOME

LiPONYSSUS MADAGASCARiENSis, sp.n. (Text-figs. 23, 24.)

$ . Dorsal shield shaped rather like- that of L. bursa (see text-

fig. 23), the liairs on its surface short, the terminal pair at the

posterior end somewhat longer than the others. Hairs on the

softer pai't of the dorsum numerous, they are short but mostly

slightly longer than those on the shield. Sternal 2:>late large,

being longer than usual ; it is trapezoidal in shape, the posterior

margin being straight except in the middle where it is slightly

concave ; there are three pairs of hairs on it and they are rather

short. Genito-ventral plate unusual in shape for a species of

Text-fia-ure 23.

Liponi/ssns madacfascai^ien/iift, sp. n., $ . Dorsal view.

Liponyssus, for instead of being pointed or i^ounded oft' posteriorly

it is truncated ; also there aie three pairs of hairs on it instead

of only one pair, one pair being situated opposite the fourth coxae,

the two others at the posterior end of the plate, one of these

pairs being placed on its posterior margin. Aiial plate pear-

shaped and more elongated than usual. Peritreme extending a.

little beyond the first coxa,. Besides the usual dorsal spur, there

is a ventral (inner) spine anteriorly on the second coxa, it is stout

but carved. There is a similar anterior spine on the third coxa.

Both the second and third coxce ore without any posterior spurs.
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Thei"e is, however, a short but blunt posterior spur on the fourth

coxa. Legs furnished with hairs and bi'istles, there is a short

spine ventrally at the distal end of the tarsi of the posterior

legs.

Text-fii>ure 24.

Lifonyssns madagascariensis, sp. n., $ . Ventral view.

Length of body (not including capitulum), 5 -TD-'Qe mm.
Host : LeiiUiir iiiongoz var. albifrons, Diego Suarez, Madagascar

{G. Melow) ; ex the Hon. N. C. Rothschild's coll.

LiPONYSSus STERNALis, sp. B, (Text-figs. 25, 26.)

^ . Dorsal shield large and undivided, it is much narrowed

anteriorly, in the middle the sides are straight and parallel,

posteriorly it is rather abruptly narrowed to form a short tail-

like portion which is truncated posteriorly. Anterior hairs on
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scutum of moilerate length and so are also two pairs at the

posterior end, one pair being terminal, the rest of the hairs on

its surface are veiy short. Hairs ou soft uncovered part of

dorsum of moderate length. ' Sternal 2'>late trapezoidal in sliape,

its posterior margin slightly concave ; on each side in the

anterior angle there is a very well-defined circular mark consisting

of an outer rim and a pitted interior ; three pairs of hairs are

present on the sternal plate and they are long and fine. Genito-

ventral jdate rounded off posteriorly and with three pairs of hairs

on its surface, viz., the usual pair situated opposite the fourth

Text-fia-ure 25.

Lipomtstmsf sternalis, sp. ii. Dorsal view.

coxfe and also two pairs at the posterior end of the plate, one of

them being terminal. Ancd plate large and pear-sha.ped. Ha,irs

on venter very numerous and of moderate length. Peritreme

extending forwards about as far as the middle of the first coxa.

Palp ventrally with a lobe-like process on the first free segment

as in L. granulosus etc. The usual anterior dorsal spur is

present on the second coxa ; there are also chitinous raised hues on

the coxae but no distinct spurs. There are numerous bristles

on the legs, especially on the doi'sal surface.

Length of body (not including capitulum) '80 mm.
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Host : A bat found in a cave neai' Lal-ce Besbik. Salonika

(27. V. 1918), Dr. James Waterston.

Text-fiii'ure 26.

Liponysaus sternalis, sp. n., $ . Ventral view.

a. Anterior angle of sternal plate greatly- enlarged.

LiPONYSSUS /ETHioPicus, sp. n. (Text-fig. 27.)

5 . Dorsal shield &h&^eA as shown in text-fig. 27, being elongated
and comparatively narrow ; it is widest opposite the interval

between the second and third legs, being narrowed anteriorly,

whilst posteriorly it is still narrower gradually decreasing in

widtii, and being rather drawn out and tapering, the end bluntly

pointed. Hairs on its surface numerous; they are not vei'y

long and are usually plain, but some of them have a few incon-

spicuous hairlets. Hairs on uncovei-ed part of dorsum also

numerous; they are not much longer than those on the scutum,
some of them are slightly bifid at the end and furnished with
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inconspicuous accessory hairlets, especially those at the hinder
end of the body, which are also slightly stouter and blunter than
the others. None of the posterior hairs are especially long.

Sterncd jylate trapezoidal, not short, its surface finely reticulated
;

its posterior margin is much thickened and slightly concave.
Genito-ventral plate narrowed and tapering to a point posteriorly.

^4?i«/j(jZ«fe pear-shaped. Hairs on venter rather numerous ; the}^

are finer and rather longer than those on the uncovered part of

Text-fieure 27.

Liponyssus cetliiopicus, sp. n., $ . Dorsal view.

the dorsum. PeritreQue reaching about as far forwards as the
middle of the first coxa. Anteriorly the second coxa has a strong
forwardly directed spine; otherwise the coxte are devoid of
spines or spurs. First leg long, especially the tarsus, the fourth
legs also long; second and third legs much shorter, the former
being rather stout. First free (proximal) segment of palp
furnished with a process which seems rather flattened and not so
spiniform as in some species.
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(S . Ventrcd iilate, with reticulate markings and rather iiairow,

being scarcely widened posteiiorly ; there are eighteen hairs on

it arranged in nine pairs and also an unpaired posterior haii-.

The usual strong anterior spur is present on the second coxa.

There is also a rather sti'ong curved spine on the anterior margin
of the third coxa. Bristles on legs mostly fine and none of them
are very stout. Peritreme reaching the first coxa.

Note.—The male is described from specimens from the Sudan
only.

Zeiigr^A of body (not including capitulum), $ "61 rhm. (distended

female specimens up to "98 mm.) ; S 43-*45 mm.
Hosts : Elephant shrew, Ohiromo, Ruo River, Nyasaland,

1916 {R. C. Wood); ex Coll. of the Imperial Bureau of Ento-
mology. Also off bats at Singa, Sennar Province, Sudan, 1913
{Cajji. W. E. Marshall); ex the Hon. N. C. Rothschild's coll.

Text-figure 28.

a. Lipnnyssus sch(rhiiiS,s\}.-a., 9- Dorsal viow.

b. Uponyssus bJancIiardi Tronessart, $ . Dorsal view.

LiPONYSSUS .sciURiNUS, sp. n. (Text-figs. 28 a, 29.)

2 . Body oval, being widest some distance before the posterior
end, sometimes it is slightly bilobed posteriorly. Dorsal sliield

large and undivided, being shaped as shown in text-fig. 28 «,
posteriorly it is evenly narrowed, the end being bluntly pointed.
Hairs in middle of this shield exceedingly minute and fine, even
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the marginal liaii's are quite short, the terminal posterior pair

being, however, slightly longei- than the others. Hairs on

uncovered part of dorsum short and fine. Sternal plate longer

than is the case in L. carnifex and L. arcuatus, the posterior

margin being only slightly concave ; the three pairs of hairs on

its surface are fairly long. Genito-ventral plate of moderate Avidth,

its posterior end rounded off. Anal plate pear-shaped. Hairs on

venter fairly numerous. Anterior (dorsal) spur of second coxa

well-developed ; there is also a little curved hook-like spur (or

Text-figure 29.

IJpnmjssns scinrimi.'i, sp. n., ? . Ventral view.

rather spine for it is ai'ticulated) on the inner surface of this

coxa anteriorly, and tivo large spurs or teeth on the posterior

margin, the outer one being almost as large as the inner. Third

coxa also with two spurs on its posterior margin, but the outer

one is much weaker than the inner. Feritreme extending forwards

as far as the middle of the first coxa or a little furthei'

forwards. There are a number of subspiniform bristles on the

distal segments of the legs ; the paired stout little spurs or

spinules present at the distal end of the second tarsus in
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L. carnifex and L. arcuatas are absent iu this species from
squirrels.

c? . Genito-ventral j>late ratlier slender and it has nine pairs of

hairs on it, besides the unpaired posterior hair, it is not divided

into two portions by a transverse line as is the case in L.flavus etc.

Peritreme reaching as far forwards as the middle of the first coxa.

Spurs and spines on the coxte as in thefema,le sex. At the distal

end of the second tarsus there is a pair of very, strong short

spinules ventrally. Fourth leg not enlarged, the spiniform

bristles on this limb are not very thick.

Text-figure 30.

Lipoii.ijssiis hlaiichardi Trouessavt, $ . Ventral surface showing coxie, sternal

and genito-viMitral plates.

Length, $ (including capitulum and j^alpi) 'SS-'OO mm. ; of

body only "ZS-'Sl mm. ; greatest width •40-'42 mm.
c? . Length of body "SS mm. ; width "SI mm.
Host : (Squirrels at Briant^on, France (26. ix. 1887). Collection

of the Paris Faculty of Medicine.

LiPoNYssus BLANCHARDi TrouessiU't. (Text-figs. 28 5, 30, 31.)

Ljeiognathus blanchardl Tronessart, 1904, Arch. Parasit. viii.

pp. 558-561, 2 text-figs.

2 . Dorsal shield large and undivided, narrowing jiosteriorly,
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the tip being blunt (almost pointed). Haii-.s on dorsal shield all

short, but the marginal ones are longer than the others. Hairs

on uncovered part of body about as long as the longest of the

marginal haii'S on the shield or somewhat longer, a few at

the posterior end of the body are longer than the others, but

still none of them are very long. Sternal plate trapezoidal, not

very short, and furnished with the usual three hairs which are of

moderate length ; the posterior margin is straight. Genito-

Text-fio'ure 31.

Liponjjsstis /ilaiicJiiirdi Trouessavt, S •

a. Ventral surface showing coxsa and ventral plate.

b. Fonvtli leg greatb' enlarged.

ventral plate of moderate width, the posterior end rounded off.

Anal jjlate pear-shaped. Hairs on venter short and not very

numerous. Peritreme reaching about as far forwards as the

middle of the first coxa. With the exception of a distinct (outer)

pointed tooth or spur on the posterior edge of the third coxa, and
the usual anterior spur of tlie second coxa, the coxce are devoid

of spurs or teeth. None of the spines on the legs are very stout.

S . Ventral shield becoming ratlier wide behind the last coxte,

its sides here being convex but afterwards narrowing to form the



NEW PARASITIC MITKS. 78'J

usuxl ueck-like portiou connecting with the anal part of the plate;
the transverse line present on this plate in L. flavus and
L. granulosus is absent in this species. There are nine- pairs of

hairs on the ventral plate and also the usual unpaired posterior
hair. Besides these hairs on the plate itself there are a few
lateral hairs posteriorly on the venter and they are fairly long.
The curved anterior seta on the inner side of the third coxa is

rather stout, being almost spiniform ; this coxa lias also a very
slender outer posterior spur, fourth coxa also usually with a
very slender posterior spur. First leg more slender than the
others, the second and third being short and stout ; the fourth
leg is enlarged as in L. carnlfex C. L. Koch, some of the spines
on this limb being rather stout, especially in the specimens from
the Prairie Marmot. Second tarsus with a pair of distal spinules
ventrally which are very stout and quite short.

Length. $ (without capitulum) -TS-TS mm.
; J "SS-'eS mm.

Host : Alpine Marmot. The above description is based on a
number of female specimens mounted on a slide (one of Professor
Blanchard's preparations in the collection of tlie Paris Faculty
of Medicine). Also examples of l)oth sexes taken on marmots at

Zermatt {M. Biner)
; ex N. 0. Rothschild's coll. Also examples

of both sexes from specimens of the Prairie Marmot {Gynomys
ludomcianus) bred by Sir E. Loder at Leonardslee, Horsham,
England.

LiPONYSSUS CONFUCIANUS, uom. nov.

Liponyssus berlesei Hirst, Proc. Zool. Soc. 1921, jJ. 362.

Canestrini has already described a species of Lelognathus—
Liponyssios from a bat under the name L. berlesei (Atti Soc. Ven.
Trent, xi. pp. 142-143, 1888), so it is necessary to find a new
name for my species from Myospalax scansus. 1 propose the
name L. confucianas for this species.

Liponyssus macedonicus, sp. n. (Text-figs. 32, 33.)

5 . Differing from L. scmrinios etc. principally in the shape
of the dorsal shield, which is rather abruptly narrowed at the
posterior end so as to practically form a short tail. Hairs on
dorsal shield exceedingly minute, a few near the anterior end on
the margins being a little longer and the terminal pair at the
posterior end of the shield also a little longer than the rest, but
still quite short. Hairs on uncovered part of body also sliort,

but two pairs at the posterior end (one of them venti-al) are
somewhat longer than the others. >S'temal 2)late tri\-pezoid-<\\ and
not short, the posterior margin straight ; the three pairs of hairs

on this plate ai-e rather short. Genito-ventral jy^afe short and
fairly wide, its posterior end rounded oft'. Hairs on venter a
little longer than those on the dorsum. Anal plate rather
elongate pyriform. Peritreme reaching almost as far forwards
as the anterior margin of the first coxa. Second coxa with the
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anterior (dorsal) spur large, ventrally this coxa has a large

posterior spur (larger than in L. arcuatus). Third coxa with two

posterior spurs, the inner fairly well developed, the outer weaker.

Fourth coxa apparently without any spur. Femur of first leg

dorsally with two rather noticeable but not very long spiniforni

settc near its distal end and there are also some quite short ones

ou this limb, Veutrally the tarsus of the second leg has two

stout but very short spurs or spinules. Tarsi of third and fourth

legs with a spine near the distal end. There are also some
weaker spines a.nd set^e on the legs.

Text-fie-ure 32.

Liponyssus macedoiiiciis, s]). n., $. Dorsal view.

S . Ventral jdccte without any transverse line, it is expanded

just behind the last coxfe and afterwards narrows again to form

the neck-like portion connecting it with the anal part ; the anal

part of the plate has a ver}^ minute denticle or cone on each of

its margins just before the striated tip ; there are nineteen hairs

on the ventral plate including the posterior unpaired one. C'o.ae

furnished with spurs as in the female, but there is also a slender

(outer) spur on the last coxa. Second leg stout but rather short,

the fourth leg longer than the others and considerably swollen,

one of the spines on the patella and another on the tibia are
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stouter than the rest. A pair of spinules are present at tlie

distal end of the tarsi of the three posterior pairs of legs.

Length of body (not including capitulum), $ Qb--%1 mm,
;

J '57 mm.
Host : Spalax montlcola thermccictis. Doiran, Macedonia.

Several specimens collected by Dr. James Waterston (24. x
1918).

Text-fiojure 33.

Lijponysitif! macedonicu.i, sp. n., 9 Ventral view.

LiPONYSSUS FLAVus Kolenuti. (Text-figs. 34, 35.)

Dermanissus fiavus Kolenati, Parasit. Chiropt. 1857, p. 19.

Liponi/ssus lohatus Oudemans, Tijdschr. iSTed. Dierk. A'^er.

1904, (2), pp. 18-22, pi. i. figs. 3-17.

2 . A little before the posterior end the dorsal shield becomes
narrowed, but the tip is not pointed but widely rounded off

(almost truncated) as in L. carnifex. Hairs on its surface very
short and fine ; they are not numeious and are distributed as

shown in the figure. Hairs on uncovered part of dorsum very

Proc. Zool. Soc—1921, No. LIII. 53
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numerous, being very short and rather stiff. Sternal plate

trapezoidal, the posterior margin being strongly concave ; the

three pairs of hairs on this plate shorter than its length. Genito-

ventral plate curiously sculptured, especially the anterior part of

it (genital operculum) which has scale-like markings
;
posterior

end of this plate rounded off. Anal plate more triangular than
pear-shaped, the sides being straighter than usual. Venter with
numerous very short stiff hairs. Feritreme reaching as far as

middle of the first coxa or a little further forwards. First

free segment of pal]) with a lai'ge flattened process. Second

Text -figure 34.

Lipoiiys.ins flaviif! Kolenati, f^ . Ventral surface showing coxaj, sternal and

gcnito-ventral plates.

(!0xa with the usual strong anterior spur, but without any
distinct spurs or tooth-like processes posteriorly ; on the outer

half of its posterior border, however, it is furnished with a slight

bv.t distinct curved raised edge. Third coxa also with a slight

cvirved raised edge posteriorly, the outer half of this coxa is

somewhat produced and bears a hair. Fourth coxa with a

chitinous line near the posterior margin ; sometimes there is

a tiny inconspicuous spine connected with an outer series of very

minute denticles on the extreme outer side of this coxa, but it is
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easily overlooked. There are some rather thick spiniform setje

on the dorsal surface of the legs, those on the femora being
especially noticeable.

S . Posterior end of dorsal shield narrowed and angular, being
almost pointed, but blunt instead of roiuided off" as in L. grami-
losus. Ventral ^ilate divided into two regions hj a transverse

line as in L. granulosus. There are five pairs of hairs on the
anterior j^firt of this plate and eighteen hairs on the posterior

Text-figure 35.

Lipont/ssusjfavns Kolenati, $. Ventral view.

a. Sternal plate of Liponyssws gramdnstis Kolenati, ? .

part of it. Hairs on venter numerous and quite short, Peritreme

apparently somewhat longer than in the male of L, granulosus,

almost reaching the middle of the first coxa. Fourth leg not
specially enlarged.

Length of body (not including capitulum), $ -65 mm. ; S
•54 mm
Host : Bats. The above description is based on Kolenati's

types in our collection labelled Derinanissus Jiavus There are

also specimens from a Noctule bat, Aylesford, Kent (27. x. 1919),

collected by the author.
53*
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LiPONYSSUS GRANULOSUS Kolenati.

Bermanissus granulosus Kolenati, Parasit. Chiropt. 1857,

p. 20.

Bermanissus glutinosus Kolenati, ib. p. 20.

$ . Dorsal plate rather like that of L. flaws in shape. The
hairs on its surface very minute, those on the anterior margin

longer, however. Sternal plate trapezoidal in shape, the posterior

margin strongly concave ; in the anterior angle of this plate

there are a few rather deep impressions or markings, the rest of

its surface being practically smooth and without sculpturing

;

the three pairs of hairs on this plate are longer than in L.Jlavus,

being longer than the plate itself. Genito-ventral jdate with the

markings on its sui'face very similar to those present in

L.flavus, the posterior end is rounded off. Analplate pear-shaped*

the sides being more convex than in L. flaws. Venter with

numerous short hairs, which are slightly longer than in L.flavus.

Peritreme reaching as far foi-wards as the middle of the first coxa

or slightly further. First free segment of p)alp) with a large

flattened process as in L. flaims. Coxaj of legs very like those of

L.flavus, the second and third having slight raised curved edges

posteriorly, which perhaps represent obsolete spurs.

(3 . Posterior end of dorsal shield wider and rounded off

posteriorly (instead of almost angular and bluntly pointed as in L.

flavus). Two of the hairs at the posterior end of this shield are

much longer than the others. Hairs on uncovered part of dorsum
very sparse. Ventral plate divided into two regions by a strong

transverse line (situate almost opposite the posterior end of the

last coxfe). Hairs on the posteiior part of this plate less

numerous than is the case in L. flavus ivnc] slightly longer than in

that species. There are five pairs of hairs on the anterior pait of

it as in L.flavus, but only 9-10 on the part of it situated behind

the transverse line and they are arranged regularly in pairs

(whereas there are eighteen on this part of the ventral plate in

L.fl.avus). Hairs on venter few in number and slightly longer

than those of L. flamts. Peritreme shorter than in the female,

apparently only reaching a little further than the middle of the

second coxa. Last pair of legs not enlarged and the bristles and

spines are not very stout.

Chelicera furnished with a rather long pointed process besides

the two short fingers.

Length of body (not including capitalum), 5 'GS-'OS mm.
;

c? "55 mm.
[Note.—The male of this species is described from a single

example of this isex from" the tabe labelled L. glutinosus by
Kolenati, for there were no males in the tube labelled L. granu-

losus.']

Host : Bats. Two tubes (each containing a few specimens)

labelled Bermanissus granulosus and Bermanissus rjlutinosus.

They bear the British Museum Register no. 56.163 (December,
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1856) and are described in the register as types presented by
Prof. Kolenati. We have also specimens of this species taken on
Vespertilio myotis at Begamo, ex N. 0. RothschikVs collection.

Text-fieure 36.

Liponyssiis ellipbicus Kolenati, ? . Ventral view.

a. Dorsal shield of same.

LiPONYSSUS ELLiPTicus Kolcnati. (Text-fig. 36.)

Carts elliptica Kolenati, Parasit. Chiropt. p. 16 (1857).

2 . Size large for a Liponyssus. Dorsal shield more elongated

and narrower as compared with its width than that of L. granu-

losus Kolenati, posteriorly it is narrowed, the end being practically

truncate ; the hairs on the posterior part of the scutum, especially

the marginal ones, are much longer than in that species. Hairs on

softer uncovered part of dorsum fairly numerous and of moderate

length. Sternal plate rather large, being longer than that of

L, granulosus, its posterior margin is concave and not thickened

;
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the three pairs of hairs on it fairly long. Genito-ventral pZa^e

with the posterior end rounded off, and it only bears a single

pair of hairs. Anal plate pear-shaped, the sides of the anterior

part of it being well curved, whilst the pointed posterior end is

elongated. Peritreme rather short. First free segment of palp

with a process ventrally. Anterior surface of second coxa with a

long slender spur ; except for this one, the coxse are entirely

devoid of spurs or spines. Numerous fine setae are present on

the legs.

Text-figure 37.

Liponi/ssus longimanus Kolenati, ^ . Ventral view.

a. Chelicera of same.

Length (owing to the damaged condition of the unique specimen

it is impossible to give the exact length).

Host: The name of the host is not given on the label, but

Kolenati gives it as Myotis murinu,s in the work quoted above.

LiPONYSSus LONGIMANUS Kolenati. (Text-fig. 37.)

Caris longimana Kolenati, Parasit. Chiropt. p. 16 (1857).

cf . Dorsal shield with faint reticulate or scale-like markings

;
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its posterior end is narrowed and practically truncate, the hairs

on its surface are not very long, one or two of the marginal ones

posteriorly are a little longer, however, and the pair at the end

considerably longer than the others. Ventral jjlate with about

twenty-five hairs on its surface, including the posterior unpaired

one ; it becomes greatly enlarged in wudth behind the last coxfe

and is not divided by any transverse line. Hairs on venter very

few in number and of moderate length (not very long). Movable

finger of chelicera only about half the length of immovable one.

Peritreme short, onl}^ reaching the second coxa. With the excep-

tion of a long slender spur on the anterior surface of the second

coxa, the coxa? are without spurs or spines.

Length of body (without capitulum) "59 mm.
Host : The name of the host is not mentioned on the label,

Kolenati says the species is found on Minioioterus schreibersii and

RhinolopJuis clivosus.

Note.—It seems probable to me that this mite is the male of

Liponyssus ellipticus Kolenati, but it is better to keep the names

separate until proof of this is forthcoming.

Family Tarsonemid^.

Genus Tarsonemus Can. & Fanz.

Tarsonemus translucens Green. (Text-figs. 38, 39, 40.)

S . Body of the male i-ather long and narrow, being more than

twice as long as its greatest width ; it is widest at the point at

which the posterior pairs of legs are inserted, this part of the

abdomen being slightly wider than the cephalothorax. Posterior

end of abdomen narrowed and rather tail-like, each of the last

segments being considerably narrower than its predecessor. The

curious anal structure at the extreme end of the body is only 20 ji

wide, the segment preceding it 27-30 /t wide, and the third from

the end 40-50 /a wide. When viewed laterally the body is seen to

be very high at the level of the posterior legs, but anteriorly it is

much lower and the abdomen is narrowed posteriorly as noted

above. Hairs, on body all rather short. Legs. Second leg a

little longer than the first and the third is the longest. Fourth

leg really the shortest, but its position at the highest and widest

part of the body makes it appear longer than the first and second

legs : this leg is stouter than the others and its penultimate

segment has an angular internal spur or process distally, there is

also a long stout bristle situated near it ; fourth tarsus curved or

bent and a little beyond the middle of its length it is furnished

with a very long fine liair, after which the segment becomes

slightly reduced in width. Tarsus of the three first legs with a

pulvillus, but the terminal segment of the fourtli has only a short

knob-like structure at the end, it is possible that this is the

rudimentary tarsus. There is a stout striated sensory seta on

the anteinor tarsi, that on the second tarsus being larger than

the one on the first. There are also four slender but stifi' sensory

setae on the first tarsus.
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2 . Body oval, being considerably longer than wide. Hairs on

body few in number and quite short and inconspicuous. Pseudo-

stigmata almost circular in shape. Fii'st leg the shortest, being

slightly shorter than the second. Claw of first tarsus rather large

and only slightly curved. The largest of the striated olfactory setse

on this segment is long but slender and situated near the middle,

there are also two short striated setae of the same nature near the

proximal end, one of them being club-shaped. In addition to the

fairly stout setse just mentioned there are two pairs of long

Text-figure 38.

Tarsone^mis tratislucens Green, $. Veutral view.

slender tactile setaj. Second tarsus with a rather long striated

seta near its proximal end, but it is a little shorter than the

longest of the stout ones on the first tarsus.

Measicrements. cT . Body (including capitulum) 157-167 /a in

length ; width of cephalothorax 72-75 /a
;

greatest width of

abdomen about 80 /x. Length of first leg 75 /j, of second 96 /n, of

third 122 /x, of fourth (not including the proximal segment) 72 /*.

2 . Body 190-207 u in length ; in width 107-115 ^.

Hab. On dojjsicum.^ Trinidad {F. W. Urich). On tea, Ceylon

i^Eutsoii).
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Genus PoDAPOLiPus Grassi &, Rovelli.

PODAPOLIPUS AHAXvONlI, Sp. n. (Text-fig. 41.)

5 . Bod}^ elongated, being from over three to more than tliree

and a half times as long as wide. There are usually a large

number of embryos or eggs in the body. Cephalothorax minute
and bearing the appendages. Anterior pair of legs minute but
segmented, the segments apparently being three in number;
!a seta is present dorsally at the distal end of the first segment of

'

Text-fifiin-e 41.

Podajpolipus aliaronii, sp. ii., ? .

a. Dorsal view of capitulum and antevior end of body showing tliu legs, etc.

lb. Tlie same from below.

C & d. Ovitline of body of the entu'e inite showhig variation in length.

this leg; the terminal segment has a well-curved hook-like claw
at the end. Second pair of legs reduced to smooth little

unsegmented sa,cs. Just above the first leg there is a tiny cone

or tubercle at the apex of which is the stigmal orifice. Movable
finger of chelicera curved and styliform, being quite slender.

This species is much more elongated than P. reconditus Grassi

& Rovelli and P. grassii Berk, resembling P. bacillus Berk
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(from Java) in this respect, but Opsomala ci/lindrica, the host

of the new species described above, is confined to the Mediter-

ranean Region.
Le7igth of body 122-171 fx, its width 40-49 /x.

Host : A number of specimens from the wings of Ojisomala

ci/lindrica Marsch., Ekron, Palestine, 15. iii. 1921 (/. Aharoni).

The specimens were red in colour when alive.

Fam. Tetranychid^.

Genus Paratetranyohus Zacher.

Paratetranychus trinitatis, sp. n. (Text-figs. 42, 43.)

S . Hairs on body quite short, they are distributed as shown in

the figure, some of them seem plain, but others are furnished

Text-figure 42.

Faratetranychus trinitatis, sp. n., $ . Dorsal view.

a. Traces of palp. b. Penis from the side, greatly magnified.

with inconspicuous accessory hairlets. Anterior eye distinct

although small, the posterior is inconspicuovis and easily over-

looked, being more weakly chitinised. Penis curved at the end



802 ON SOME NEW PARASITIC MITES.

and shaped as figured. Dorsal spine on j^'^lp very short. Dorsal

sensory finger stouter than and a little shorter than the two
neighbouring rod-like sette, the lattei* are of unequal length, one
being slightly longer than the other. Terminal sensory finger of

palp apparently absent.

Text-fio-ure 43.

Leaf of vine showing discolovation caused by Faratetranyehus trinitatis, sp.n.

Length of male (including capitulum) 342-375 ^, of hard
external part of penis about 11-15 ju, of rod-like setae of tarsus of

palp 4|-6 ju, of dorsal sensory finger of palp 3g-4 ^.
Host plant : Grape vine, Trinidad {F. W, Urich).
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In 1869 Gray (Oat. Carnivorous etc. Mammals Brit. Mus.

pp. 79-142) relegated the genera which by all modern zoologists

are referred to the family Mustelidse to two families, Mustelidse

and Melinidte. The Mustelidse were divided into the following

tribes:—(1) Mustelina for Maries, Mustela, Putorius, Gulo,

Galera, Gi'ison
; (2) Lutrina for Lut7'a and other genera of

typical otters
; (3) Enhydrina for Enhydra. The Melinidse were

similarly divided into the tribes :— (1) Melina for Arctonyx,

Meles, Taxidea, Mydaus
; (2) Mellivorina for Mellivora

; (3) Me-
phitina for Mephitis, Conepatus, Spilogcde ; (4) Zorillina for

Zorilla \j=Ictonyx\
; (5) Helictidina for Helictis.

From my present standpoint the interest of Gray's classification

lies in its influence upon Gill, who in 1872 (Smiths. Misc. Coll.

xi. pp. 64-65) followed Flower (P. Z. >S. 1869, pp. 11-15) in fusing

the Melinidse and Mustelidse into one family, for which the latter

na.me was retained, and elevated all Gray's tribes to the rank
of subfamilies—Mustelinte, Melin?e, Zorillinse, Mephitinse, etc.

As will appear in the sequel, this classification in my opinion

better expresses the affinities of the genera dealt with than any
that followed it *.

In 1883 Flower (Encycl. Brit., Mammalia, pp. 439-440) divided

the Mustelidse into the following subfamilies :

—

(1) Melinse for Mephitis, Arctonyx, Meles, Mydaus, Taxidea,
Mellivora, Helictis, Ictonyx.

(2) Mustelinse for Galictis[Tayra + Grisoii], Mustela [=Martes^,
JActoriits \^=Mtcstela'], Gido.

(3) Lutrinse for Ltitra, Aonyx, Enhydra \_=zLatax~].

This arrangement, based mainly on the structure of the feet,

* I have intentionally ignored such family names as Mellivoridsg, Zorillidae, etc.,

proposed by Rochebrune and Mephitida; proposed b}" Rhoads, because no attempt
was made to define the families thus casually designated and no reasons were given
for assigning that rank to the groups.
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was adopted by Mivart (P. Z. S. 1885, pp. 393-395); and with

the addition of Pcecilogale and Lyncodon to the Mustelinee was
repeated by Flower and Lydekker in 1891 (' Mammalia,' pp. 567-

591). Tt was also accepted by Sedgwick (' Students' Text-Book
of Zoology,' ii. p. 624, 1905).

In 1902 de Winton ('Zoology of Egypt, Mammalia,' p. 245),

trusting apparently to the structure of the teeth, modified

Flower's system by transferring MejJiliitis, Conepatus, Mellivora,

and Ictonyx from the Melinee to the Miistelinse. Max Weber in

1904 (Die Saug. pp. 536-538) followed de Winton with respect

to the allocation of Mellivora, but otherwise agreed with Flower.

And in the same year Trouessart (Cat. Mamm., Suppl. pp. 187-

215) also followed Flower, but put Pcecilogale into the Melinse.

He further subdivided Mustelinee into two tribes :—Guloneee for

Gulo, Galictis [^=Tayra-\-Grison~], and Lyncodon, and Mustelese

for Mustela [=jlfarfes]and Putorius \^=^ Mustelci], with subgenera
Luireola and Arctogale \_-=.Mustelci\.

In 1912 Miller (Cat. Mamm. Western Europe, pp. 340-341)
divided the Mustelida^ into four subfamilies :—(1) Melinse con-

taining " about a dozen genera," of which only Meles is quoted and
dealt with

; (2) Lutrinee containing " four genera," Lutra alone

being discussed
; (3) Guloninse containing Gido and probably

Mellivora ; (4) Mustelinse restricted to the genera Martes, Mustela

(with its subgenera Putorms and Lutreola and Mustela), and
Vormela *.

Although Miller, like de Winton, seems to have relied mainly
on the teeth, it seems clear that a large number of the genera

placed by de Winton in the Mustelin?e were left by Miller in the

Melinse, where Flower placed them. Another point to be noticed

in connection with Miller's classification is his severance of Gulo

from the Mustelinfe as the type of a special subfamily f, with the

guess that Mellivora is a related genus.

Setting aside for the moment the classifications of Gray and
Gill, two conclusions come out from this brief review :— (1) There
is complete agreement amongst recent writers with regard to the

status of the Lutrinse
; (2) Although Flower's subdivisions have

held the field until the present day, there is a great variety of

opinion as to the constitution of the Melinse and Mustelinse. It

is admitted by all that Meles, Arctonyx, Taxidea, Mydaus, and
IJelictis are Melinse ; and that Martes, Mustela (with related

generic or subgener-ic forms, such as Vormela, Putorius, Lutreola),

as well as Tayra, Grison, and Lyncodon are Mustelinse. But
Mephitis, Spilogale, Conepatus, Mellivora, Ictonyx, and Pcecilogale

* In 1911 Satunin (Mitt. Kauk-Museums, v. p. 267) defined the genera Vormela
and Putorius, admitting the following subgenera of the latter, Ptitorius (s.s.),

Lutreola, Ictis, and KolonoJcus. The genus Putorius is equivalent to Mustela as

understood by Miller, Ictis (= subgenus Mustela) being employed for the stoats

and weasels. Miller was perhaps not acquainted with this paper when he wrote his
' Catalogue of the Mammals of Western Europe.'

f This was originally done by Gray in 1825 (Ann. Phil. xxvi. p, 339); but in his

latest classification he abandoned the group named tjruloninge.
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have been placed according to the fancy of authors in either

subfamily. It is quite clear therefore that there is something
wrong with the classification, and that the characters used for

defining the two subfamilies are insufficient for the purpose.

In 1920 (Proc. Zool. Soc. pp. 179-187 and pp. 424-436)
I attempted to show that Miller's guess as to the kinship between
Oulo and MeUivora was untenable ; and that there is practically

no evidence of sufficiently close relationship between Meles and

Taxidea to justify their retention in the same subfamily. Gulo

was affiliated with Martes ; Gill's subfamily Mellivorinse was
resuscitated for MeUivora ; Taxidiinse was proposed as a new
subfamily group for Taxidea ; and Meles and Arctonyx were

provisionally left as the sole representatives of the Melinse.

Subsequently (Proc. Zool. Soc. 1921, pp. 473-486 and pp. 535-

546) a study of the auditory bullae in the Mustelidie supplied

additional characters for the definition of the subfamilies ; and
reasons for the admission of several genera of Lutrinte were
brought forwai'd.

In the following pages the external characters of all available

genera, apart from Gido, MeUivora, Meles, Taxidea, and the

genera of Lutrinse, which I dealt with in the papers just mentioned,

are described in detail ; and a summary of the results setting

forth my views on the classification of the Mustelidaj is given at

the end.

Most of the material forming the subject-matter of the paper

consisted of specimens which had lived in the Zoological Gardens
and were examined after death at the Society's Prosectorium.

Mr. Oldfield Thomas, however, has given me all the facilities at

his command for studying the splendid collection under his

charge at the Natural History Museum. I am much indebted to

him and to Mr. Martin Hinton for the help received in this way.

I am also particularly grateful to Mr. Cyril Hopwood, a member
of the Council of the Rangoon Zoological Society, for sending me
through Mr. Max Friedlander, the Superintendent of the Gardens,

a spirit-specimen of Mdogale personata \ and to Mr. E. Jacobson,

for procuring for me at Mr. Boden Kloss's request, a similarly

preserved example of Plesiogale nudijMs * from Fort de Kock on
the west coast of Sumatra.

The Bhinariiom.

The most primitive type of rhinarium is found in Martes and
Gido. It is naked above, the lateral slits of the nostrils extend
nearly to its posterior margin, the infranarial portions are shallow

or moderately deep, the inferior edge is convex or angled, but it

is not, strictly sj^eaking, continlied over the upper lip—that is to

say, the gutter which cleaves the lip consists of smooth skin

difi'erentiated' by its texture from the rhinarium above. This

* Gray referred this species, witli others, to his genus Gymnopus (see infra, p. 818).

That name, however, is preoccupied. Hence I propose Flesiogale as a suhstitute.
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Text-figure 27.

A. Side view of head of Ptitorius putorins.

B. Front view of rhinarium of the same.

C. The same of Gale nivalis,

J). Side view of rhinarium of the same.

E. Front view of rhinarium of Flesiogale gymnojms.

P. Side view of rhinarium of the same.

G. Side view of head of Charroniaflavigula

.

H. Front view of rhinarium of the same.

I. Upper view of rhinarium of the same.

K. Front view of rhinarium of 3Iartesfoina.

L. Upper view of rhinarium of the same.
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gutter is continued as a groove up the middle line of the rhinavium
between the nostrils. (Text-fig. 27, K, L.)

In Charronia the gutter is obliterated, except close to the-

convex lower margin of the rhinarium, which is giooved above,
and the upper lip is scantily hairv in the middle line, (Text-
fig. 27, G-l.)

_ \
In Gcde. Mastela, and Putorius it is also obliterated or nearly

so, and the infranarial portions of the rhinarium are shallower.

In Gale nivalis the hair of the muzzle encroaches on the uj^per

surface. (Text-fig. 27, A-D.)
In Plesiogale nudijyes the rhinarium is lai^ge, with a median

groove, deep infranarial portions, and naked above back to the
posterior ends of the nostril slits. (Text-fig. 27, E, F.)

In Ictonyx, as in Putoriics, the rhinarium is lightly biconvex
above and mesially grooved in front, with the inferior edge
hoi"izontal in the middle, convex at the sides where it curves-

backwards ; but the infranarial portions are deeper than in Gale,

Mttstela, or Putorius, and this area of the rhinarium is wider than
the upper portion. There is no trace of gutter and the con-

tinuously hairy upper lip is about as deep as the height of the
rhinarium. (Text-fig. 29, A~B.)

In an example of Grison furax, or an aJlied species, from
Brazil, the upper surface of the rhinarium is evenly rounded from
side to side, the groove is on the lower half of the front surface,

and the nostrils are wide apart. The infranarial pol'tion is deep
in the middle, but quite narrow laterally, where it passes beneath
t'le slit of the nostril ; and this nariowed piece is defined from
the median piece by an oblique groove. There is no trace of

gutter and the depth of the lip is less than that of the rhinarium.
Two or three specimens of Grisonplli (sp. ?) from Cordova in the
Argentine show individual variation in the rhinarium. In one
the upper surface is lightly biconvex, the median groove is

distinct, and there is no gutter, in the other the median groove is

obsolete, the upper surface is uniformly convex as in Grison, and
there is a very shallow gutter.- In both the infranarial portion

is tolerably deep and mesially angled below, but the lateral

portions, which in Grison pass backwards beneath the nostril slits,

are practically obsolete. (Text-fig. 28, A-0.)
In Tayra harhara the upper side of the rhinarium is grooved

and the anterior surface deeply and widely grooved. The nostiils

are larger and closer together than in Grison and the infranarial

portions are deep both mesially and laterally, and are marked in

front, as in Grison, by a fine oblique groove on each side wliich

meets its fellow of the opposite side in the middle line above the
inferior angle of tlie rhinarium in front. The rhinarium is about
twice as deep as the upper lip, which has no gutter. (Text-

fig. 28, D-F.)
The rhinarium of Taxidea recalls that of Gale, Mustela, and

Putorius in the shallowness of the infranarial portions and the

presence of the median groove. It is, however, relatively wider,

Proc. Zool. Soc—1921, No. LIY. 54
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has the nostrils a little closer together, and the upper surface

overgrown with hair nearly to the anterior margin. The lip has

no gutter and is not so deep as the rhinarium.

In Mellivora the rhinarium is wide as in Taxidea, and the

Text-fie-ure 28.

A. Side view of head of Grisonfurax or a closely allied species.

B. Front view of rhinarium of the same.

C. Upper view of the same.

D. Side view of head of Tayra harhara.

E. Front view of rhinarium of the same.

F. Upper view of the same.
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upper lip is shallow and without gutter
;

but the infranarial

portions are somewhat deeper than in that genus ; there is no
median groove and the lateral slits of the nostrils are more
abbreviated, and the upper surface is quite naked.

In Jleles the rhinarium is very large and naked, the infranarial

portions being excsedingly deep and often convexly produced in

the middle below. Tiie nostrils are tolerably close together, but
the lateral slits, although narrow, are long. There is no median
groove, and the upper li]3, shallower than the rhinarium, has no
gutter.

In the Skunks the range in variation of the rhinarium is very

instructive. In SpilogaU it is very like that of Martes, having
shallow infranarial portions defined by faint grooves from the

median portion, a median groove in front in the lower part, an
angled inferior border, and a complete gutter dividing the upper
lip, which is not quite so deep as the rhinarium. (Text-

fig. 29, C.)

In M&phitis the infranarial portions are always deep, wide,

and well-defined laterally beneath the posterior slit of the nostrils

as in Meles, and when tlie groove between the nostrils and the

two defining the infranarial portions and the gutter on the lip

are absent, the resemblance to that genus is particularly close.

But in a specimen, said to have come from Manitoba, the

rhinarium is lower and somewhat wider than in other examples,

the lip is cleft by a shallow gutter continued on to the lower half

of the rhinarium, and the lateral portions are defined by shallow

grooves runninij from the nostrils to the middle line of the

inferior edge. '(Text-fig. 29, D, E.)

In Conej^atus jJi'oteus the rhinarium is twice as wide as high,

about equal in depth to the upper lip which has no gutter, its

upper edge is evenly convex, its lower edge horizontal, and,

although there is a short groove between the nostrils, the nostrils

themselves are wholly visible from the anterior view, the lateral

slits being short and not continued to tlie posterior edge, thus

resembling the rhinarium of Mellivora. (Text-fig. 29, F, G.)

In Melogale persovata the rhinarium is remarkable for the

extreme depth of the mesially grooved infranarial portions which

are produced inferiorly, so that their median depth is equal to

the depth of the area above it and of the upper lip. They are

also very deep laterally beneath the slits of the nostrils, which
are continued to the posteiior border of the rhinarium. The
upper lip is ungrooved and is only sparsely hairy mesially and
laterally as far back as the angle of the mouth. (Text-figs. 29,

H, I ; 30, G.)

'Jlie rhinarium of Mydaus is even more aberrant and recalls

that of the Suidpe in the sense that it consists of a some-

what rounded disc with two subcircular nostrils on its anterior

surface, the slits of the nostrils being very narrow and short.

The infranarial portions are much deeper than the upper portion

of the rhinarium and are everywhere of equal depth. They are
54*
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defined by a vertical groove running downwards from tlie nostril,

and each of these grooves is continuous with tlie outer edge of a

long, narrow, paiallel-sided philtrum, of the same texture as the

rhinarium, whidh extends to the edge of the upper lip and is

marked by a groove passing upwards on to the rhinarium. In
front of the rhinarium above them is a naked strip of skin on
the muzzle. (Text-fig. 29, K, L.)

Text-fie-ure 29.

A. Side view of head oi Ictonyx capensis.

E. Front view of rliiiiarinm of tbe same.

C. The same of Spilogale putorhis.

T>. The same of Mephitis imphitica.

E. Side view of the same.

V. Front view of ihinariuni of Covepatus profens.

G. Side view of the same.

H. Front view of rhinarium of Melogale personata.

I. Side view of the same.

K. Front view of rhinarium of 3fi/daiis meliceps (from dried sldn).

L. Side view of the same.

X h
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The genera may be grouped as follows by the rhinarium :

—

a. No complete and true pliiltrum resembling tlie vest of tlie

rliinarium in texture dividing the upper lip, which is at most
grooved.

h. Upper lip divided hy a complete groove of smooth naked
skin, giving moljilitj' to the right and left halves Gulo, Jlartes.

h'. Groove on upper lip obliterated or nearly so, the two halves
of the lip not separately' movable, or onlj^ slightly so.

c. Infranarial portion of rhinarium much sliallower beneath
lateral slits of nostrils than above them.

d. Infranarial portion laterally very narrow 3Iustela, Gale, Futorius,
Charronia, Grison, Ta.videa.

d'. Infranarial portion laterally moderatelj' deep... Tai/rrt, Ictonyx, Sjpilo-

gale, Mephitis, Conepattis.

c'. Infranarial portion very deep beneath lateral slits,

appro.ximatelj' as deep as portion above them Meles, MeJogale.

a'. A long narrow phijtrum, resembling the rest of the rhinarium,
dividing the upper lip; infranarial portions everj'where very

deep Mydaus.

The Facial Vihrissce.

The number of tufts of facial vibrissae characteristic of the
Carnivora is typically present in the Mustehdae ; but the vibrissse

themselves are longer and more numerous in predatory forms
(like llartes, Miostela, and Ictonyx) than in fossorial forms (like

Mellivora, Meles, and Mejyhitis). They are especially well

developed in the matter of rigidity and number in the truly

semi-aquatic genera like Latra and Amhlonyx ; but in the
tropical West- African Otter, Paraonyx, Hinton records the com-
plete absence of the superciliary and upper genal tufts. In other

genera, like Meles, the upper genal tuft is sometimes a^^parently

absent ; but a noticeable point about this tuft in all genera,

when it is present, is its high position on the cheek, only a little

below aiid behind the posterior corner of the eye. In the one
fresh example of Tayra harhara examined, I could find no trace

of the interramal tuft. (Text-figs. 27-29.)

In Melogale personata the vibrissse are all long and numerous as

in predatory forms, the submentals being unusually well developed

on the area of nearly naked skin which runs along the lower lip

as far as the angle of the mouth, corresponding to that of the
upper lip. (Text-fig. 30, G.)

The External Ear.

The external ear shows every grade between high specialisation,

the primitive condition, and almost complete degeneration. In
its highest types, as exemplified by Martes * and Charronia, it is

of tolerably large size and is provided with a well-developed bursa,

the posterior flap of which is lai'ge, has a strongly convex margin,
and is attached above behind the straight-edged portion of the

* See my paper on the Pine and Beech-Martens (P. Z. S. 1914, pp. 1062-1068).
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posterior border of the ear which constitutes the anterior '^flap.

The supratrag-us has a simple subglobular thickeniiig. The tragus

and supratragus are well defined and separated by a distinct,

notch, and the antero-internal and postero-internal thickenings

descend behind or within the tragal and antitraga.l prominences
respectively, (Text-fig. 27, G.)

Text-fio-ure HO.

A. Ear of Gale nivalis.

B. „ Poeciloffale alhimicha (from dried skin).

C. ,, Lyncodon patagonicus ( ,, „ ).

L). „ 3fep7iitis mephitica.

E. „ Conepatus proteus.

P. ,, Spiloffale putorius.

G. Side view of head of M-elogale personata.

D, E, P, G, X ^.

In Mustela, Gale, Plesiogale^, and Putorius the ear is relatively

smaller and rounder than in Merries, and further difi;ers in that
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the thickening of the supra,tragus is larger and valvular, and the

edge of the cavity has a small soft membranous flap just above
the supratragus, which is especially well developed in Plesiogale.

' Moreover, the antero-internal thickening curves sharply beneath
the supratragus posteriorly. In Gale, Jliistela, and Plesiogale

the bursa is almost or quite as well developed as in Martes, but in

Puforius it is reduced to a marginal slit, owing to the reduction

in size of the posterior fl-ap, the edoe of which is nearly straight.

(Text-figs. 27, A ; 30, A.)

Gido has the pinna like that of Martes, but relatively smaller

and provided with a smaller bursa ; and the pinna of Melogale

is very like that of JIusiela and Gale, the bursa, tragus, and
antiti-agus being well developed, but the supratragus is less

valvular, the antero-internal ridge descends more vertically, and
there is a little pouch above the hollow. (Text-fig. 30, G.)

Tayra and Grison also resemble Mustela and Gale in the pre-

sence of the upper membranous flap, the valvular supratragus,

the posterior curvature of the antei-o-internal ridge beneath the

supratragus ; but differ in the reduction of the bursa to an even
greater extent than is seen in Putoi'ius. The posterior flap is

continuous above and below with the margin of the pinna, and
the anterior flap is represented by a very shallow ridge of in-

tegument a little in front of it, so that the pouch is reduced to a

minimum. In Grison and Grisonella the valvular supratragus

and the flap above it are larger than in Tayra; and in Grisondla
the anterior lidge of the bursa is shorter than in Grison. (Text-

fig. 28, A, D.)

In Ictonyx, and also in Pcecilictis and Pwcilogale, judging from
dried skins, the pinna differs essentially from that of Mustela,

Gale, and Putorius in the total absence of all trace of the bursa
and of the membranous flap above the supratiagus. Otherwise
it is similar. (Text-figs. 29, A ; 30, B.)

In Meles and Taxidea the pinna is smaller than in Ictonyx, and
the supratragus has a simple subglobular thickening as in Martes.

Otherwise they are tolerably similar ; the pinna is less salient in

Taxidea than in Meles.

In Ltitra the pinna, although much reduced, is of the same
simple type as in Meles. In Hydrictis it is simplified by the

almost complete suppression of the tragus and antitragus and of

the supratragus apart from the subglobular thickening.

In Sjnlogale, Mephitis, and Conepatus a noticeable peculiarity

in the pinna is the entire absence of the tragal thickening, so

that the external oi-ifice of the ear is exposed and not hidden in

a cup-like hollow ; and the cavity of the pinna has no definite

anterior i-im. The low antero-internal ridge curves posteriorly

beneath the valvular supratragus, which appears to be set higher
in the ear than in other genera. The pinna is of comparatively
large size in Spilogale ; but in Conepatus—at all events, in

G. proteu,s—it is much reduced and scarcely stands away from the
head. There is no trace of the bursa. (Text-fig. 30, D-F.)
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111 Lyncodon also the pinna is as much reduced as in Conepatus,

standing away from the head as a shallow short ridge, the lower

end of which does not reach nearly to the aclitus infe7nor. There
is no bursa, but the structure of the ridges could not be deter-

mined on dried skins. (Text-fig. 30, C.)

The pinna of Mellivora surpasses even that of Conepatus and
Lyncodon in reduction in size. It is represented merely by a
thickening of the integument, without any free edge, round the

small cavity; and, judging from the descriptions, the pinna of

Mydaus is very similar to that of Mellivora, but I am unable to

say whether the orifice is exposed as in Mephitis, Spilogcde, and
Gonepatxis or concealed by a tragal thickening.

The following table shows briefly the principal modifications in

the external ear :

—

a. Bursa retained.

h.. Bursa marginal, upper end of its posterior Hap hidden by
that of anterior tlap Mustela, Gale, Flesiogale,

Piitorins, Martes, Charronia, Gulo, Melogale.

h' . Bursa remote from margin, shallow, its posterior flap in

no way concealed bj^ anterior flap Tai/ra, Grison, Grisonella.

«'. Bursa absent.

c. Auditory orifice concealed, usually by tragal thickening.

d. Pinna laminate, standing awa}- from head.

e. Supratragus a well-developed valvular flap Ictonyx, Foecilictis,

Fceciloqale.

e' . Supratragus at most a ridge with rounded thickening.

f. Pinna moderately large Ileles, Taxidea.

f . Pinna much reduced Lutra, Amhlonyx, etc.

d' . Pinna a thickened rim of integument Ilellivora.

c' . Auditory orifice exposed, not concealed by tragal thicken-

ing Spilogale, Mej>h itis, Conepatus.

The Feet.

In describing the feet of the Mustelidse I start with two
assumptions. First, that the primitive feet were adapted for

running or climbing, or both combined, and not for digging or

swimming, which hamper, if they do not prevent, the first-

mentioned activities. Second, that the feet were naked below,

provided with short curved claws, interdigital webbing up to the
proximal end of the pads, large 4-lobed plantar pads, double
carpal and metatarsal pads, and a hairy heel ; and that the digits

were unequal in length, the first being the shortest, the second
and fifth next and approximately equal in length, and the third

and fourth the longest and also approximately equal, so that the
digital pads, when not spread, formed a strongly curved line

round the anterior margin of the plantar pad. And possibly in

the hind foot the third and fourth digits were more closely tied

together than to the second and fifth respectively.

The genera whose feet most nearly approach these hypothetical

feet are Tayra and Grison. It is therefore needless to describe

them in detail. From the material examined I have not been
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able to satisfy myself that there is any fundamental difference

between the feet of the two, unless it be that in Grison the

plantai- pads ai'e defined from the carpal and metatai'sal pads by
a deeper and wider groove. In Tayra these pads ai'e confluent

throughout their width, there is only a very slight ti-ace of

division between the two moieties of the carpal pad and none in

Text-fia-ure 31.

A. Riglit liind foot of Tayra harhara.

B. Riglit fore foot of the same.

C. Right hind foot of Charronia flavigula.

D. Right fove foot of the same.
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tlie case of the metatarsal pad *. In an example of Grison furax
or an allied form, from Brazil, there is a comparatively large area

between the plantar and carpal pads, the latter aie well defined

but mesially in contact, and there is some naked skin above the

large external pad. Similarly, in the hind foot there is some
naked skin above the somewhat rounded metatarsal pad, which
except internally is distinctly separated from the plantar pad.

These differences from the feet of Tayra are, however, not so

well defined in examples of Grisonella from Cordova in the

Argentine. In both genera the pads are granular and tessel-

lated, and the third and fourth digits of the hind foot are a little

nearer together than they are respectively to the second and
fifth. Nevertheless, there is quite a marked extent of web
between their pads. (Text-figs. 31, A, B; 32, 0, D.)

Of these two genera Tayra is an active tree-climber like

Martes, and Grison an agile ground-hunter like Mustela ; and in

Martes and Mustela and genera related to them the highest type

of feet subservient to those modes of life are found. The claws

are shorter and more curved, the digits are more widely separable,

and the third and fourth of the hind foot are not closer together

than to the second and fifth respectively. The underside of the

webs is more or less hairy, there is at least a patch of hair

between the carpal and plantar pads, the carpal pads a,re quite

separated, the metatarsal pad is absent, the hair of the calcaneum

extending down to the plantar pad, and all the pads are

narrower and transversely or concentrically ridged and grooved.

Of the genera related to Martes, Charronia t has feet which
depart least from the type seen in Grison and Tayra, although

still very distinct. The ai^ea between the digital and plantar

pads has foin^ large pa.tches of haii' on the interdigital webs ; but

these do not I'each the edge of the webs distally or the plantar

pa,ds proximally, and the lower side of the digits is also naked
;

and tiiere is a similar patch of hair surrounded by naked skin on
the area between the carpal and plantar pads, which are well

developed, the pollical and hallucal elements of the latter being

widely confluent with the plantar, while the internal and ex-

ternal moieties of the carpal pads are large and have a small area

of naked skin above them. (Text-fig. 31,0, D.)

In Martes martes and M. foina the area between the digital

a.nd plantar pads is covered with hair, except for narrow naked
strips radiating along the digits ; the area between the plantar

and carpal pads and round the latter is also continuously hairy
;

* Lonuberg (Avkiv for Zool. viii. no. 16, p. 10, 1913) figured the liind feet of

two forms of Tayra from different altitudes and localities in Ecuador, to show that
the combined plantar and metatarsal pad—there being no line of demarcation
between them—is longer in the race from the lowlands. Defects in the drawings of

these feet maj' be attributed to their being taken from skins softened in water after

being dried.

t In 1918 I resuscitated this genus of Graj^'s, based upon Martes flavigula, wlien
I found that the baculum differs greatly from that of Martes martes and M. foina
(Ann. & Mag. Nat. Hist. (9) i. pp. 308-310).
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the plantar pads are smaller, more subdivided, tlieir pollical and

hallucal elements are connected by a narrow strip with the main

pad, and the carpal pads are much rediiced and separated by a

longer space from the plantar pad. M. foina, however, has

much larger digital, plantar, and carpal pads than 21. martes*. and

thus more nearly approaches Gliarronia. In 21. martes the

digital pads are narrowly ovate, the plantar pads are broken up

into four areas connected by nai^row naked strips, and the cnrpals

are quite small.

Text-ficrure 32.

A. Eiglit hind foot of Pceciloffale (dbinucha (from dried skin).

B. Right fore foot of the same.

C. Right fore foot of Gh-isonelhi sp. from Cordova, Argentine.

D. Right hind foot of the same.

In 2Iustela erminea and Mhernica., Gale t nivalis and africana,

Putorius piitorius, fu7'0, and nigripes the feet, except that they

are relatively shorter and stouter, generally resemble those of

* For iigiires illustrating these differences, subsequently verified on other

specimens, see my paper on these species of Ilartes (Proc. Zcol. Soc. 1914, pp. 1C62-

1068).

t Distinguishable from Mustela by the shape of the baculum.
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3Iartes in hairiness and pad development. But in G. africana

alone have I found the plantar pad broken up into four elements

to the same extent as in M. niartes ; and only in G. africana

could I find the inner moiety of the carpal pad ; but, judging

from its minute size in this species, it may have been overlooked

in the others. (Text-fig. 33, C-F.)
Writing of the Minks {Lutreola), Flower and Lydekker

('Mammals, Living and Extinct,' p. 586), said that they difller from
the Polecats, Stoats, and "Weasels " by the toes being partially

webbed and by the absence of hair in the intervals between the

naked pads of the soles of the feet." From this statement it

seems quite clear that neither of these authors was awa,re that

the toes of Polecats, Stoats, and Weasels are fully webbed up
to the digital pivds. As for the hairiness of the soles of the feet, I

cannot discover from examining; the lone' series of dried skins of

Mii:iks in the British Museum that there is any essential

difference between them and Polecats, Weasels, and Stoats in

that or any other pa.rticular. The area between the plantar and
digital pads is covered with hair ; and it appeal's that Baird was
perfectly correct when he said that the feet are well furred

between the pads, though the hair is scantier in summer than in

winter.

In some members of this group, however, the feet are quite

naked beneath. Gray, for example, based the genus Gymnopus *

upon certain Oriental species I'elated to Mustela and Gale, namely
nudipes, strigidorsa, and katliiah ; and to these africana was
added. According to the diagnosis the soles of the hind feet in

these species have three oblong pads, an arched and bald space

behind them, and the heel hairy. But in the Egyptian example of

Ga.le africana above referred to the feet are approximately as

hairy as in G. nivalis ; and in kathiah, which I provisionally retain

in Mustela, pending the discovery of the structure of the baculum
or other characters to settle its affinities, there is a patch of hairs

on the lower side of the webs and also between the carpal and
plantar pads, and the hair extends down to the plantai' pad on
the hind foot. Thus both africana and kathiah fall outside the

genus according to the diagnosis.

In Plesiogale nudipes and strigidorsa the feet are quite naked
beneath, and the plantar and carpal pads are relatively con-

siderably larger than in Mustela, Gale, and Futoriios, and
a,pparently less coarsely sti'iated. The plantar pads are very

distinctly four-lobed, the three main lobes being widely in

contact, while the poUical and hallucal lobes are attached to the

posterior end of the inner of the three main lobes. The two
carpal pads are well developed and almost in contact. Just

above them there is a narrow naked space, and there is a

corresponding space, which, however, seems to vary individually

* Quoted in this paper as Tlesiogale (see above p. 805), of wliicli nudipes is the
type-species. I premise that the group is at least as much worth nominal
reco<?nition as Lutreola or IColonohus.
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in P. nudipes, and lies beliind the plantar pad of the|hind foot.

(Text-fig. 33, A, B.)

The feet of these two species are of great interest. It might
be claimed that their nakedness is a secondarily acquired

character, correlated with life in warmer latitudes than those

Text-fio-ure 33.

\
T'r

miF£
A. Riglit liind foot of Flesioffale nudipes.

B. Riglit fore foot of the same.

C. Right hind foot of Gale nivalis.

D. Right fore foot of the same.

E. Right hind foot of Fntorins pvtorins.

F. Right fore foot of the same.



820 MR. R. I. POCOCK ON THE

frequented by typical Stoats, Weasels, and Polecats. If nudipes,

which ranges from the Malay Peninsula to Borneo, were alone

concerned, that view would be more defensible than, in my
opinion, it is. But strigidorsa occurs much farther to the

north, in Sikhim. Again, it must be remembered that the

tropical American species hrasiliensis, which may be taken as the

type of Gray's genus Neogale, if it be resuscitated, has hairy feet.

I incline, therefore, to the opinion that in Plesiogale we have the

most primitive type of foot met with in the subfamily Mustelinae

as here restricted—a foot which differs mainly from that of

G-rison and Grisonella in the complete suppression of the meta-

tarsal pads.

The feet of Gulo * resemble in all essential respects those of

JIartes, except that they are relatively broader.

The feet of Pmcilogcde are very like those of Plesiogale, but the

claws of the fore feet are a little larger and the third and fourth

digits of the hind foot less widely separated. In both these

particulars Pcecilogcde, so far as the feet are concerned, connects

Plesiogale with Ictonyx, which in the length of the claws belongs

to the fossorial group of Mustelidis

—

Poncilogale being one of

those genera in which the distinction between fossorial and
cursorial Mustelidse breaks down. (Text-fig. 32, A, B.)

In the remaining genera the feet are fossorial and characterised

by long and blunt claws, which are especially long on the fore

feet. The only other point they have in common is close union,

sometimes amounting to basal fusion, between the digital pads of

the third and fourth digits of the hind feet— a phenomenon
foreshadowed in the feet of Grison and Tayra and Ptecilogale.

Fossorial feet which come nearest to the feet of the Weasels,

Polecats, and Martens, although differing in the characters

mentioned in the last paragraph, are found in Ictonyx and
Piecilictis. The feet, closely resembling those of Pcecilogale, are

tolerably narrow, and the digits, apart from the third and fourth

of the hind foot which are close together, are widely separable
;

the metatarsal area is without trace of pads and covered with

hair down to or nearly down to the plantar pad ; the digital pads

a.re oval, well defined, and coarsel}^ striate—at least apically
; the

plantar pad is narrow, deeply emarginate behind, and very

distinctly four-lobed, and the lobes are coarsely striate and are

in contact to about the same extent as in Martes foina ; there

are two striate carpal pads, a smaller inner and a larger outer,

separated from each otlier and from the plantar pad by about

the same distances as in Ilartes foina, although the sizes of these

pa.ds and the distances above mentioned vary according to the

spesies. The carpal pads are largest and the distances in question

smallest in the species in which the area round them and the

area between the plantar and digital pads are naked. In other

* See my paper on the external characters of this genus (Proc. Zool. Soc. 1920,

pp. 179-187).
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species the hair of the carpus extends to tlie caipal pads, overlaps

the inner and spreads into the posterior emaxgination of the
plantar pad ; and there is a scanty patch of hair upon the lower
side of the interdigital integument*. (Text-fig. 34, A-D.)

Text-fie-ure 34.

A. Right fore foot of Ictomjx capensis, from S. Africa, witli Lair on

interdigital integument.

B. Right fore foot of the same.

C. Right hind foot of Ictonyx sp., from the Sudan, with naked soles.

I). Right fore foot of the same.

Xi

In Puicilictis the feet are more like those of typical Mitstela, in

the sense that the soles are much more thickly hairy and the
plantar pad is smaller and more subdivided, no doubt in con-
formity with the sandy habitat of the animal.

The feet of Taxidea resemble those of Ictonyx in the absence

* Thus Thomas's statement that Ictonyx may be distinguished from Poecilictis

by the nakedness of the soles of the feet does not hold good.
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of tlie metatarsal pad, but in most respects they are very diflerent.

The digits are shorter, closer together, with the pads larger, less

well defined, and the interdigital webs (although narrower) extend

farther up the pads, especially on the fore foot. The plantar

pad of the bi^oad fore foot, although Avider than long, is narrower

than the foot itself, indistinctly lobate, and much less deeply

emarginate behind; there is a single small carpal pad, representing

the outer * of the normal two, set a little distance behind the

plantar, and the area behind this and the plantar pad is partially

overgrown and overlapped by hairs on the inner or pollical side

of the foot as in some examples of Ictonyx. In the hind foot the

plantar pad is longer than wide, narrower than the foot, irre-

gularly heart-shaped, and very indistinctly subdivided. The pads

are granularly roughened.

The feet of Lyncodon, judging from dried skins, are peculiar in

the almost complete suppression of the interdigital webs, which

extend only a short distance beyond the plantar pads. The
underside of the digits and the area between the digital and
plantar pads is naked, but the sides of the digits are fringed with

longish hairs. In the fore foot the claws are long and fossorial,

the plantar pad is strongly arcuate and short, the hairs of the

carpus encroaching upon it in the middle line behind. The
carpal pad is represented only by the outer moiety, which is

continuous distally with the outer lobe of the plantar pad. The
carpal vibrissje are retained, although the claws are fossorial.

The hind foot closely resembles the fore foot, but the claws are

short ; and there is no trace of metatarsal pads, the metatarsus

being covered with hair, which extends over the middle of the

plantar pad. (Text-fig. 35, A, B.)

In all the other genera of fossorial footed Mustelidaj the meta-

tarsal pad is retained and is of large or comparatively large size.

In Ilelogale jyersonataf the fore foot is a little wider than the

hind foot, the digits are webbed to the proximal ends of the well-

de lined digital pads, the soles are entirely naked as far back as

the proximal ends of the carpal and metatarsal pads, and all the

pads are tolerably coarsely striated, although less coarsely than

in Mustela, Martes, Gulo, and Ictonyx. The fore foot otherwise

tolerably closely resembles tiiat of Meles, but the digits are rather

more separable, the digital pads are better defined, the plantar pad

is relatively narrower, more distinctly four-lobed, with its anterior

and posterior margins more curved, the two elements of the

carpal pad are in contact or very nearly so in the middle line, and

the carpal vibrissas are well developed. In the hind foot the

digits are markedly more widely separable than in Meles, there

* In my paper on Taxidea and Meles (Proc. Zool. Soc. 1920, p. 428) I inad-

vertently detscribed the carpal pad as representing- the inner or radial carpal of

Meles.

t Hodgson figured the hind foot of this species, but wrongly labelled it TJrva

cancrivora (Journ. As. Soc. Bengal, xvi. pi. ii.). A figure of tiie fore foot is in his

vmpublished drawings.
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being quite a distinct space between the third and fourth,

althougli the space is narrower than that between the second and
third or fourth and fifth. As in the fore foot the digital pads
are better defined, the plantar pad is narrower, much more
strongly curved, and very distinctly four-lobed, the hallucal lobe,

like the poUical lobe of the fore foot, being as large as the others

individually. There are two well-defined elongated metatarsal

pads, confluent in the middle line proximally, and the hairy

calcaneal area is a little shorter relatively than in Meles meles.

(Text-fig. 35, 0, D.)

Text-figure 35.

L*P4c!^

A. Right hind toot of Li/iicodon patacfonicus (from dried skin).

B. Right fore foot of the same.

C. Right hind foot of Ifelorjale persoiiata.

D. Right fore foot of the isame.

C, D, X i.

The feet of Meles meles I have already described and figured

(Proc. Zool. Soc. 1920, pp. 426-428, fig. 20, A, B). In addition

to the diflerences mentioned above, it may be added that they
are of a more decidedly fossorial type than in Melogcde, the hind

Proc Zool. 8oc.—1921, No, LY. 55
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foot being narrower as compared with the fore foot, with the pads

of the third and fourth digits confluent. In both the fore and
hind foot the plantar pads are very wide, the carpal pads of the

fore foot are separated, and there is a patch of hair on the area

behind the plantar pad. In the hind foot the metatarsal pads

are shorter and more confluent, and closer to the plantar pad

than in Melogale, and all the pads are granular or papillate, not

striated

.

Text-floure 36.

A. Riglit hind foot of Spilogcde putorius.

B. lliglit fore foot of tlie f^ame.

C. Right hind foot of Mephitis mepliitica.

D. lliglit fore foot of the same.

Judging from dried skins and from Hodgson's unpublished

drawings referred to in my paper quoted above, the feet of

Arctonyx seem to resemble those of Meles in all essential par-

ticulars. The soles of the feet are quite naked. The large naked

area above the plantar pad of the hind foot has two elongated
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thickenings representing mefcatavsal pads ; the plantar pad of

the hind foob is about as wide as long and markedly three-lobed
(Hodgson probably accidentally omitted the hallucal element)
and narrower than the foou; the digital pads of both feet are oval

and well defined. In the fore foob the plantar pad is markedly
four-lobed and wider than long, and sepanited from it by a con-
siderable space are the two rather large carpal pads, which are
together about as wide as the plantar pad. The pads are coarsely
granular and tessellated.

The fore foob of Melllvora resembles that of Taxklea rather
than that of Meles in the large size of the digital pads and the
extension of the webbing along their edges, but the plantar pad
is as wide as in Meles, and the poUex is shorter than in either

genus. The carpal pads also are much larger than in either, the
outer moiety being a large subspherical mass at least as long and
half as wide as the plantar pad, while the much smaller, smooth
pollical portion is also larger than in Meles, and the two are
separated from the plantar pad by a narrower stiip of integument,
which has no hairs upon it. The hind foot is like that of Meles,

except that the digital pads are larger and more fully webbed,
the plantar and metatarsal pads are larger, and the rest of the
metatarsal area covered with naked wrinkled skin.

In Sjiilogale, Mephitis, and Conepatas the pads are granular
and the lower surface of the feet is naked, at least as far back as

the posterior border of the carpal and metatarsal pads, which
are well developed. Moreover in all the examples of Mejyhitis

and of Gonepatus examined the lieel from the metatarsal pad
upwards is covered with naked wrinkled skin. Spiloc/ale seems
to have the feet less specialised for digging than the other genera,

in the sense that the plantar pads are more distinctly broken up
into four lobes and the cai-pal and metatarsal pads more reduced,

the latter being, at all events in some cases, marked by a distinct

longitudinal groove defining the two elements ; and the third and
fourth digits of the hind foot, although closer to each other than
to the second and fifth respectively, have the digital pads unfused.
(Text-fig. 36, A, B.)

In the several unlocalised examples of Mephitis examined there

is naturally some variation in the size and shape of the pads,

the two carpals being sometimes large and in contact, sometimes
smaller and separated ; but in all cases the pads are relatively

larger than in S2Jilogale and less subdivided, and the digits are

shorter a,nd more fully webbed, the pads of the third and
fourth of the hind foot being fused in the middle lire. (Text-
fig. 36, 0, D.)

A further stage of specialisation is seen in Conejxitus proteus,

where the plantar, carpal, and metatarsal pads are as well deve-

loped as in any example of Mephitis ; but the digital pads are

larger and are united by webbing almost up to their proximal
ends. (Text-fig. 37, A, B.)

The most highly specialised type of fossorial foot is perhaps
55*
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found in Mydcms. The pads of the second, third, fourth, and

fifth digits are fused together, except quite at their distal ends,

as completely as the pads of the third and fourth digits of the

hind foot are sometimes fused in Meles. The pads of the pollex

and hallux, however, are independently movable, although

attached by shallow webbing to the pad of the second digit.

The soles are quite naked. The plantar pads are as wide as the

Text-figure 37.

A. Riglit liiiul foot of Conepatns proteus.

B. Right fore foot of tlie same.

C. Riglit hind foot of Mi/daus meliceps.

D. Riglit fore foot of the same.

T-

feet, much wider than long, lightly arcuate, and four-lobect, the

pollical and hallucal elements being large. Thei'e are two well-

developed, slightly separated carpal pads, the inner being much
the smaller of the two. Conjointly they are almost as wide as
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the plantar pad, from which they are separated by a sliort space,

and there is an area of naked skin above them. In the hind foot

the metatarsal a.rea is naked to the heel and is provided with

two long pads a.s wide as the foot, the inner being the wider of

the two. (Text-fig. 37, 0, D.)

The Carpal Vihrissce.—The occurrence of these tactile hairs in

many different orders of Mammals suggests that they are a

primitive mammalian character. I have not mentioned them
under the separate generic headings because they are present in

most of the forms discussed. They ai-e especially well developed

in the active predaceous forms like Mustela, Maries, Tayra,

Orison, and the Lutrinse. In the fossorial forms they appear to

be of less importance, judging from the frequent difficulty there is

in distinguishing them amongst the long hairs of the leg. They
are present, however, in Lyncodon and in Ictonyx. In the latter

they are not always to be de ected with certainty, and the tuft

may be reduced to one bristle. But the sense of touch locates

their position by the perception of a small wart-like swelling on
the skin, where, as pointed out by Beddard, the nerve supplying

the vibrissse ends. This swelling is present in such highly

specialised diggers as Mellivora and Taxidea, although I failed to

difierentiate the vibrissa themselves. In Meles, IlepJiitis, and
Conepatus I could find neither swelling nor vibrissa;.

The Anus and, External Genitalia.

So far as is known, the normal pair of anal glands is present in

all genera of the family, but they vaiy greatly in development.

In many cases, i. e. in Maries, Gulo, Tayra, Lutra, Taandea *,

Meles, the glands are not enlarged and the secretion is not par-

ticularly offensive in scent to Mail, and is not apparently used by
the animal itself for defensive purposes. But in other genera,

like Mellivora, Grison, Ictonyx, Mephitis, Conepatus, the glands

are enlarged, the secretion is copious, n.nd is ejected at an enemy
in case of attack or when two individuals of the same species fight

together. And these genera are unusually coloured, being either

grey above and black below or striped with white along the

dorsal areaf. Puiorius also is accredited with the same habit,

although the scent of the secretion is not so pungent and lasting

as in the other genera mentioned. Nor is the coloration so

striking; but the underfur is creamy white when the coat is

lifted and this pallid hue often pervades nearly the ^vhole body J.

* At least in the single female example I examined.

f Si'O my paper, " The Warning Characters of Musteline Carnivora" (Proc. Zool.

Soc. 1908, p. 955). In this paper I threw out the suggestion that the similarity in

colour between Taijra and the Canine genus SpeotJios might he an instance of

mimicry, on the supposition that the secretion of the anal glands in Tayra might
turn out to be oflFensivc as it is in Grison. Since subsequent observation has shown
this not the case, the suggestion must be withdrawn. It does not seem likelj' that

8-peotlios is the offensive model mimicked by Tayra.

J See my paper on the warning coloration of P. nigripes ;Proc. Zool. Soc. 1911,

pp. 559-560).
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The anus itself is typically exposed as a button-shaped convex
disc, everywhere surrounded by hair as in Martes, Mustela, Gulo,

Lutra, Ictonyx, and others ; but in some cases, as in MeUivora,
it is sunk in a circular thickening of corrugated integument,
Avhereas in Meles there is a nioi'e definite thinner-walled pouch
round it. In Tayra, a^g^in, there is above the anus a shallow^

depressed arjea, bounded on each side and posteriorly towards the

Text-figure 38.

A. Anal region of Tayra harbara $ , showing the naked skin around the

anus and the depression ahove it.

B. The same of MelogaU personata i , showing the scrotum close beneath

the aniTS.

C. The same of GrisoveUa sp. from Cordova, Argentine.

root of the tail by a low ridge of skin. Possibly some modi-

fication similar to this was the origin of the deep subcaudal

glandular pouch present in Meles and, accoi'ding to accounts, in

Arctonyx. (Text-fig. 38, A-C.)

The perineal region between the anus and vulva or scrotum is

thickly overgrown with hair in GuJo, Martes, Mustela, Ictonyx,
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and Lxdra. It is similar!}- hairy in a male Grisonella, but in a
female of the same species it is naked ov scantily hairy. It is

also scantily haiiy in MelUvora, Tayra, Taxidea, Meles, Me2)hitis,

and Gonepatus.

In all eases examined the vulva is a fusiform excrescence with
a vertical slit-like orifice, bounded on each side by two labia

enclosing the clitoris and the urinary and genital orifices. (Text-
fig. 39, A-C.)

Text-fie'ure 39.

A. Anus and vulva of Co'%epatus prnteus.

B. The same of Grisonella sp. from Cordova, Argentine.

C. The same of Flesiogale midipes.

The penis is very variable in shape, in accordance with the

shape of the hacidum ; but the prepuce is always situated well

in advance of the scrotum, as in the Canidfe, Procyonidfe, and
Ursidaj.

The Classification of the Mustelidce.

In the classification which follows I have adopted the method
employed by Gray of combining analytical headings, which give

prominence to particular characters, with the definitions ordinarily

found in the text-books, where the characters are set forth as if

of equal value. For the intei'pretation of the table it is necessary

to remember that contrasted headings are marked by the same
letter—e. g., a-a', b-b', and so on, I have adopted all the sub-

families originally proposed and defined by Gray and Gill, and
consistency in treatment has compelled the addition of several

new groups of that rank. It is not claimed that they are all of

equal value. The Gulonin^, for instance, have been admitted

rather as a concession to the opinion of a distinguished contem-
porary than as a mark of my conviction that the characters

deserve the rank assigned to them. Systematists of the old
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school will probably criticise the classification on the grounds

that most of the subfamilies are monotypical. That objection

is, however, in my opinion, illogically hollow. Diflerentiating

characters and degrees of affinity are in danger of being com-
pletely lost sight of, if structural variations are disregarded

because of their restriction to an isolated genus represented by
two or three, or even a single species. And I can see no logical

halting-place between some such amplification of Gill's classifica-

tion as that here proposed and the classification of Turner (Proc.

Zool. Soc. 1848, p. 86), who admitted no names for subordinate

sections in tbe group. Either method of dealing with the

numerous genera is preferable to the superficial and dissatisfying

system proposed by Flower, to which recent authors have

adhered.

a. Hind feet larger tlian forefeet*; head, fur,* tail, and limbs modified in

tlie normal mammalian fashion for aquatic life ; kidneys lobulate.

Subfamily Lutrin^ Gray & Gill.

Skull shaped very much as in the typical Mustelinte ; cavity

of bulla, where known, as in Marti nie, but with roof depressed

upon auditory annulus and not extending to pai"occipital process
;

palatine foramina maxillary. Basicranial and basifacial axes

approximately in one plane. Teetli powerful, upper carnassial

with talon large, nearly as long as blade; molar wider than long,

but about as large as carnassial ; lower carnassial with long wide
heel and large metaconid. Hinil feet with normally proportioned

digits, the second and fifth much shorter than third and fourth.

Tail long.

Genera Lutra, Hydrictis, Lutrogale, Amhlovy.v, Aoiii/x, Paraoni/.r,

and possibly others.

In my paper on " The External Characters of some Species of

Otters" (Proc. Zool. Soc. 1921, pp. 535-546), reasons were given
for regarding the Otters as modified descendants of the Musteline-

Martine stock of the Mustelidfe I'ather than of the Meline stock

as suggested by Miller.

Subfamily LataxiNiE, nom. nov.

(=. Enhych'ince Gray & Gill.)

Differing from the Lutrinas in having the hind feet very large

and paddle-like, with digits subequal, but the fifth slightly longer

than the tliird or fouith ; the tail short, the basicranial axis

depressed at an angle upon basifacial axis ; the angidar of the

* Flower's frequently copied statement that the feet in the Lutrinos are " short
and rounded " is nnintelligible. The feet of the Melinip, on the contrary, he described

as " elongated."
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mandible remote from the condyle ; the teeth with rounded cnsps,

and the median lower incisor snppi'essed.

Genus Latax.

No one can doubt that Lcdax is a Lutrine profoundly modified

in adaptation to marine life. The change in its method of feed-

ing, from the capture of swift-swimming fish to the picking up
and crushing of sessile molluscs or slow-moving crustaceans, has

modified the teeth and skull in the way indicated ; and the

increase in size and alteration in structure of the hind feet,

accompanied by loss of length in the tail, suggests the need for

skilful turning amongst submei'ged rocks, rather than for swift

progression through the water and comparative activity upon
the land.

a'. Hind feet usuallj' smaller, never larger than fore feet ; no structural

modifications subservient to aquatic life ; kidneys not lobulate.

h. Cavitj' of bulla completely' divided into two subequal chambers by olilique

partition passing from tlic stylomastoid foramen forwards and inwards

to the carotid foramen.

Helictidin^e Gray & Gill.

Bulla not communicating with periotic hollow, its roof close to

auditory annulus. Upper carnassial with laige bicuspid talon ;

molar wider than long, smaller than carnassial ; lower carnassial

with moderate heel and large metaconid. Rhinarium very deep

below nostrils, lateral slit of nostrils long and complete ; no phil-

trum or groove on upper lip. Ear with well-developed bursa.

Feet fossorial, naked below, but narrow, with webbing only

extending to proximal end of digital pads, which are widely

separable ; all tlie pads coarsely striate ; two long metatarsal pads.

ISTo ana.l pouches.

Genera Helictis and Melogale.

Although Helictis has been allowed by almost universal consent

to retain a place in the Melinpe, where it was placed by Flower,

recent examination has jnstified its separation from that sub-

family, as I suggested last year, and its assignment to a special

subfamily as proposed by Gray a.nd Gill. The auditoiy bulla is

C[uite peculiar, and the teeth are neither Meline nor Musteline
;

tlie I'hinarium may be described as Meline and the ear as Muste-

line; the feet, although fossorial in the matter of the claws, are

not so specialised for digging as those of Meles ; the tail, moreover,

is long and there is no trace of the subcaudal pouch found in that

genus. Apart from the auditory bulla Helictis is a less specialised

form than Meles, and is a type intermediate between the " fos-

sorial" and " non-fossorial " members of the Mustelidpe. Its

trivial name Ferret-Badger is not inappropriate.
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h'. Cavity of bulla, wheu divided, separated into an antevioi- larger and a

posterior smaller chamber by a transverse partition running from the

stylomastoid to the foramen lacerum posticum.

c. Walls of bulla everywhere thick and permeated with air-cells continuous

with those of the mastoid, the cells of which may communicate with

the cavity of the bulla.

Subfamily Musteline, s. s.

Sknll with long cranial and short facial portions. Teeth

sectorial, talon of upper carnassial small, anterior ; molar much
wider than long ; lower carnassial with cuspidate heel, meta-

conid retained or absent
;

j!?9)i. 1 lost above and below. Tympanic
annulus in contact with roof of bulla. Palatine foramina
maxillary. Rhinarium small. Bursa of ear marginal, large or

moderately so. Feet cursorial, usually hairy below, no metatarsal

pads; other pads moderate or small, coarsely striate, claws short

and curved ; digits webbed to proximal end of pads, the 2nd, 3i'd,

and 4th widely separable. Baculum with a narrow, long, deep

groove in its distal third beneath, ending in a median i-ounded

apex.

Genera Mustela^ Gale, Plesiogale, Putorius (with such subgenei-a

of one or the other as Lutreola and Kolonokus). Vormela.

The restriction of the term Mustelinpe to the )Stoats, Weasels,

and Polecats is justified by the number of characters by which
they differ from other members of the Mustelidse. The group
contains a larger number of species than any other subfamily,

and, apai-t from the Lutrinse, is more widely distributed. When
the tropical forms are better known, other genera may be added;

but perhaps characters negativing some statements in the

description of the subfamily may come to light.

c'. Walls of bulla thin, its cavity either closed behind or opening into

a spacious periotic hollow.

d. Cavity of bulla closed behind.

e. Teeth sectorial, approximately as in Mustelinie, the upper carnassial

being longer than wide, with the talon anterior and narrow-necked,

and the molar wider than long, etc., and the line of the upper incisors

nearljf straight. Feet scansorial and cursorial, with short sharp claws.

Subfamily Martina, s. s.

Two carpal pads separated by hairy space from narrow plantar

pad, digital webs hairy below ; no metatarsal pads. A well-

developed marginal bursa on ear. No trace of pouch above anus.

Fm. 1 retained above and below. Baculum with two or four

branches.

Genera Martes and Chcm'onia.

Although usually associated with the Stoats, Weasels, and
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Polecats, which they generally resemble in the stiaicture of the
feet and teeth, the Martens difiei- from them principally in

the structure of the auditory bullae, but also in their longer jaws,

less sectorial teeth, the retention of ^j?>i. 1, and the position of

the posterior palatine foramina on the sutui-e.

Subfamily GuLONiNiE Gray & Miller.

Chiefly distinguishable from the Martinte by having the pre-

orbital foramen in front of the orbit, the bull?e small, the auditory
tube long, the occipital region short, the mastoid large, the upper
anterior premolars separated from the lower, and the metaconid
of the lower carnassial suppressed.

Genus Gulo.

Subfamily Tayrin^, nov.

Distinguisha.ble from the Martinse and Guloninse by having
the two carpal pads fused into a large mass as large and as wide
as the large plantar pad and in contact with it, by the presence
of a large metatarsal pad and naked interdigital webs and a very
shallow bursa remote from the posterior edge of the ear, by the
loss of pm. 1 above and below, the presence of a shallow subcaudal
pouch, and an apically unbranched baculum.

Genus Tayra {=^Gcdera).

The Tayra was for quite unintelligible reasons formerly
regarded as congeneric with the Grison, the two being quoted as

Galictis. They are at least as different as the Polecat is from
the Marten.

e' . Teeth not of tiie sectorial t3'pe, the upper carnassial about as wide as

long, with the talon median and arising by a long base from the blade
;

the molar about three times the size of the carnassial, as long as wide;

lower carnassial with a long wide heel, and the metaconid as large as

the other cusps ; the upper incisive line curved. Feet fossorial, with

long powerful claws.

Subfamily Melin^, s. s.

Two carpal pads separated by a naked or hairy space from the

wide plantar pad ; interdigital webs naked below, narrow between
the digital pads ; third and fourth digits of hind foot in contact

:

a well-developed, partially divided metatarsal pad. No trace

of bursa on ear. Rhinarium very deep beneath lateral slits of

nostrils. A deep subcaudal glandular pouch.

Genera Meles and Arctonyx.

I have seen no fresh specimen of Arctonyx, but the external

form is exceedingly Badger-like. The teeth, too, are very like

those of Meles. The cranial difl'erences between them are well

known. In the extension of the mastoid below the auditory
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orifice the two genera appear to be peculiar in tlie family,

although this character is foreshadowed in Gtdo.

d'. Cavity of bulla opening into a large or very large hollow space in the

mastoid portion of the periotic.

/. Palate produced posteriorly, so that the mesopterygoid fossa is far

behind the molar teeth ; baculum, where known, a stout bone.

g. Rhinarium a subcircular flattish disc, continued to the edge of the upper

lip by a narrow long philtrum resembling it in texture ; nostrils

anterior, above middle of rhinarium ; the lateral slits almost obliterated.

Feet fossorial, with pads of 2nd, 3rd, 4th, and oth digits united nearly

to their apices.

Subfamily Mydain^e Gray.

Skull with muzzle and dentition much as in the Melinje, but

with frontal postoibital processes absent, zygomata and mandible

slender, and mastoid not produced below auditory orifice. Cavity

of bvilla cea,sing just l^ehind petrous portion of periotic, and

opening laterally into hollow of mastoid portion of peiiotic by a

single "orifice as in the Mephitinjie. Pinna of ear reduced to

a simple rim. No subcaudal pouch.

Genus Mydaus.

I have seen no fresh specimen of this genus, and the structure

of the baculum, if developed, is apparently vuiknown. The

Teledu has well-marked peculiarities, especially in the structure

of the rhinarium and feet. The rhinarium is unique; and the

only genus which shows an approach to the fusion of the digital

pads is Conepatus. The latter also has the pinna of the ear

greatly reduced with the orifice exposed, and the bulla of Mydaus
seems to resemble tolerably closely that of the Mephitinse ; but

in other respects, particularly in the long jaws, the curved upper

incisive line, the long posterior palate, the backward position of

palatine foramina, the genus more nearly approaches the Melinae.

If Ferret-Badger is a good nam.e for Helictis, perhaps Skunk-

Badger would be a suitable appellation for Mydaus.

g' . Rhinarium normal, nostrils much nearer its lower than its upper edge,

the lateral slits long ; no trace of philtrum and no groove on upper

lip. Pads of 2nd, 3rd, 4th, and 5th digits free.

li. Tympanic annulus projecting as a free ridge into bulla, not confluent

with its roof, the posterior rafter arched high above petrous, leaving a

large space between the chambers, of which the posterior isnotmulti-

loculate ; bullsB encroaching on glenoid in front.

i. Teeth sectorial, in a general way like those of Martina; ; occipital crest

inclined backwards and inwards from mastoid, not semicircular from

back view.

Subfamily MELLivoRiNiE Gray & Gill.

Periotic hollow, comparatively small, not extended to tip of

mastoid, which, like the paroccipital, stands prominently away
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from bulla, the latter rounded in front and remote from liiunular;

palatine foramina on suture. Lower earnassial without meta-
conid ; last lower molar lost; upper molar with wide cingulum.

Feet very broad, digits closely tied, with large carpal and meta-
tarsal pads in contact with wide plnntar pads. Pinna of ear

reduced to an integumental thickening. A glandular pouch
round anus.

Genus Mellivora.

Subfamily Ictonychin.e.

(=Zoi'iUince Gray & Gill.)

Periotic hollow larger, extending to tip of mastoid, which, like

the paroccipital, is close to the bulla ; the latter pointed in front

and fused with ham ular ; palatine foramina on maxilla. Lower
earnassial with high acute metaconid ; last lower molar retained

;

upper molar without wide cingulum. Feet narrow, but claws

long, the digits widely separable
;
pads small, carpals separated

from plantar pad ; metatarsal absent. Ears with large pinna.

Circumanal integument unmodified.

Genera Ictonyx [Zorilla) and Fcecilictis. (? P oecilogale.)

i'. Teeth not sectorial ; upper earnassial enormous, with very large bicuspid

talon ; molar a little smaller than earnassial, triangular, its inner and

anterior borders subequal as in Melinfe ; lower earnassial with large

cuspidate heel and large metaconid ; occipital crest rising neai'ly

vertically from mastoid, and nearly semicircular from posterior aspect.

Subfamily Taxidiin^ Pocock.

Feet broad and fossorial with long claws as in Mellivorinse,

but plantar padLs narrower, a single small carpal pad remote from
plantar pad, and no metatarsal pad. JSTo glandular pouch
associated with anus. Ear with pinna well developed.

Genus Taxidea.

h'. Tympanic annulns confluent at its summit with roof of bulla
;
posterior

-rafter-like partition of the bulla close down upon the petrous, leaving

a narrow passage between the two chambers, the postei'ior of which is

markedly multilocular ; bullaj remote from glenoid in front.

Subfamily GRisoNiNyE, nov.

Teeth as in Mustelinas, but talon of upper earnassial much
larger, occupying nearly half the inner surface of the tooth

;

palatine foramina maxillary. Feet not fossorial, almost as in

Tayrinje, but with carpal pads farther from plantar pad. Pinna
of ear well developed with bursa present, but small and in front

of posterior margin. No subcaudal pouch.

Genera Grison, Gi'isonella.



836 MR. R. I. POCOCK ON THE

Subfamily LyncodontiN/E, nov.

Difieriiig from the Grisoninse in cranial and more particularly

in external characters. Bullfe inflated, not flattened externally

towards auditory orifice, with anterior edge obliquel}^ transverse,

not eiMarginate ; mesopterygoid fossa longer
;
jmi. 2 lost above and

below. Feet with long fossorial claws, but unique in the family
;

digits only webbed for a short distance beyond plantar pads ;

hairy laterally, mesially naked below, like the reduced webs.

Carpal pads reduced to the external moiety which is in contact

with the plantar pad, the rest of the carpal a,rea covered with
hair, which encroaches over the middle of the plantar pad ; no
trace of metat irsal pads

;
plantar pad of hind foot reduced like

that of fore foot. Upper lip completely grooved. Ear greatly

reduced, no trace of bursa or of valvular supratragus.

Genus Lyncodon.

I have seen no fresh examples of this small Patagonian genus,

my observations having been made upon dried skins and skulls

in the Natural History Museum. The coloration is very like

that of Grison, with which Lyncodon was affiliated by Matschie,

and I suggested that the likeness might be a case of Miillerian

•or genuine mimicry (Proc. Zool. Soc. 1908, p. 953). It cannot

be claimed that the genus is closely related to Grison. Even the

evidence that it is a very aberrant form of the G-'risoji- group is

not convincing, despite the resemblance between the two in the

internal structure of the bulla suggested by my unavoidably

imperfect examination of this portion of the skull in Lyncodon.
The feet differ from those of Grison at least as profoundly as the

feet of Mustela or Maries differ from those of Meles or Mellivora.

f . Palate not produced posteviorly, the mesopterygoid fossa reaching

almost up to the line of the upper molar teeth. Baculum unossified or

ossified as an exceedingly slender undifferentiated rod.

Subfamily Mephitjn^ Gray & Gill.

Cavity of bulla simple, ceasing close behind petrous, communi-
cating with large periotic hollow by means of a small circuixiscribed

orifice set forwards in a line with the outer end of the petrous

and in front of the stylomastoid foramen, which is set fai' in and
narrowly separated from the foramen lacerum posticum. Bulla

not nearly extending to paroccipital, but encroaching on glenoid

in front. Muzzle massive, but zygomata and postorbital processes

weak. Teeth resembling those of the Melinse a,nd Mydainse, but

the upper incisive row nearly straight, the upper molar not twice

the size of the carnassial and wider than long : jy9«. 1 lost above

and below
;
palatine foramina maxillary. Feet fossorial, with
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soles naked, two carpal pads, and metatarsal pad
;
pads of 3rd

and 4th digits of hind foot basal ly united. Ear with orifice

not concealed behind tragal ridge. No pouches associated with

anus.

Genera iSpUogale, Mejjhitis, Conejxttus.

Although the Skunks constitute a well-develo^oed subfamily,

they seem to be linked in a measure with the Melinse through

Mydaus. The three genera show considerable range in structure,

S'pilogale being the least, and Conepatus the most, specialised

form, the former standing nearest to the more typical members
of the Mustelidse, such as Ictonyx, and Conepatus^ in its feet, ears,

and rhina,rium, foreshadowing the peculiarities of Mydaus.
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42. Meguloliyrax Andrews and Titanohyrax^ g. n.—A Revision

o£ the Genera of Hyracoids from the Fayum, Egypt.

By H. Matsumoto *.

[Received October 18, 1921 : Read November 22, 1921.]

(Text-figures 1-6.)

In the course of my re-study of the fossil Hyracoidea of the

Fayum, Egypt, based upon the material belonging to the American
Museum and the British Museum, I found that Schlosser's

identification of Andrews's genus Megalohyrax is incorrect, 'the

type-specimen of the genotype Meg. eoccemis Andrews belonging

not to Schlosser's ^'^ Megalohyrax" but to his '' Mixohyrax."
Consequently, his ''• Mixohyrax"' should be called Megalohyrax,

while his "' Megalohyrax^' wants a new generic name. I propose

to call it Titanohyrax, g. n.

I have the pleasure to express here my hearty thanks to

Dr. Arthur Smith Woodward and Dr. Charles W. Andrews,
by whom I was permitted to examine the material belonging to

the British Museum.

Genus Megalohyrax Andrews.

Megalohyrax Andrews, Geol. Mag., Decade iv. vol. x. 1903,

p. 341 ; Andi-ews, Brit. Mus. Cat. Tert. Vert. Fayum, Egypt.

1906, p. 92.

Mixohyrax Schlosser, Zool. Anz., Bd. xxsv. 1910, p. 502
;

Schlosser, Beitr. z. Pal. u. Geol. Osterreich-Ungarns u. d. Orients,

Bd. xxiv. 1911, pp. 98 & 115.

This genus is to be re-diagnosed as follows :

—

Long-skulled and long-snouted. Premaxillae long, but not

especially elongated supero - posteriorly. Nasals long, with

acutely-pointed anterior ends, ,which lie nearly as anteriorly as

the anterior ends of premaxiilpe and a certain, but not very great,

distance in front of the anterior ends of naso-premaxillary sutures.

External nares not retired at all. Upper surface of skull very

rough, with irregular pits and grooves with intervening ridges.

Mandibular ramus shallow, with a large fenestra-like opening on

the iinrer surface. Dental formula :

'l--^\'-\; I^ ^^d Ig enlarged

and tusk-like. Cheek - teeth bunoselenodont, brachyodont.

Upper P ", and usually also P'\ three-cusped ; P —M , and

sometimes also P\ four-cusped. Paraconal and metaconal folds

* Communicated bj' Dr. C. W. Andeews, F.R.S., F.Z.S.

Pkoc. Zool. See—1921, No. LVl. 56
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very weak, and especially so in the more posterior premolars and

in the molars. Mesostylar fold absent in P '
. Parastylar fold

of P^~^ very feeble ; that of P"* rather strong ; both parastylar

and mesostylar folds of M " especially strong, rounded, and

stout. Ridges of lower P.,—M^ W-shaped. Metaconid simple,

without differentiated metastylid. Posterior talon of M^ very

large.

Genotype: Megalohyrax eoccenus Andrews, 1903; non Schlosser,

1911.

This genus includes Megalohyrax minor Andrews, 1904;

Mixohyrax niloticus Schlosser, 1910; Mix. suillus Sehlosser,

1910 ;
and Megalohyrax pyg^nce-as, sp. n., besides the genotype.

Synopsis of Species o/ Megalohyrax.

1-4

(1) Extremely large species ; length of upper P

and of M*" respectively 75 mm. and 86 mm.
(Andrews's type : M. 8502) eoccenus.

1-3

(2) Large species ; length of upper P^-* and of M
i-espectively 63 (Andrews's type: C. 8818)—64

(Am. Mus. 13332) mm. and 74 (Andrews's

type)—78 (Am. Mus. 13332) mm.; that of

lower P _ and of M^ ^, ca. 69 (Am. Mus.

13345)—70 (Sehlosser) mm. and ca. 78 (Am.
Mus. 13338)—85 (Sehlosser; Am. Mus. 13345)
mm. respectively minor.

(3) Rather large species ; length of upper P and
1—3

of M respectively ca. 54 mm. and ca. 62 mm.
(Schlosser's fig.) ; that of lower P and of M ^,

55 (Sehlosser)—57 (Sehlosser ; Am. Mus.
13334) mm. and 68 (Sehlosser)—75 (Am.
Mus. 13334) mm., respectively . niloticus.

(4) Small species ; length of lower P^_^ 46 mm.

(Sehlosser) ; that of lower M^^ 32 mm.

(Sehlosser), whereas the same measurement
in the immediately preceding and the next

species is 42 mm. and 24-25 mm. respectivelj^ . suillus.

(5) Very small species ; length of upper P and

of M ' respectively 35-5-36 mm. and 37 mm.
(type-specimen : Am. Mus. 14454) ; that of

lower P^_^ and of M^^, 31-5 (M. 9480)- -33

(type-specimen) mm. and ca. 38 (Am. Mus.
14463)— 40 (type-specimen) mm. respectively . pygmceus.
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(1) Megalohyrax eoc.4:nus Andrews.

M. eoccenus Andrews, Geol. Mag,, Decade iv. a^oI. x. 1903,

p. 340, text-fig. 1 ; Andrews, Brit. Mus. Cat. Tert. Vert. Fayiun,
Egj^pt, 1906, p. 92, pi. vi. figs. 1 & 2 \non text-fig. 39).

M. 8502 ; type-specimen ; fragment of right premaxilla and

maxilla, bearing C—M in situ.

Schlosser has failed to undei-stand this type-specimen, hence
algo to identify this species and this genus. He had the opinion
that the teeth of this specimen, as figured by Andrews, were
erroneously restored. According to my actual observation of

this specimen, Andrews's illustration proves to be fundamentally
correct, though the measurements of the teeth of this specimen
were confusingly misprinted (width as " length," and length as

"width" in P"—M'). The more important dental characters

of this specimen are:— (1) The premolars have no proper
mesostyle (a distinctive character from Titanohyra,v), though

the external basal cingulum of P" (unknown in P ) has a
raised tubercle just outside the metacone. (2) The parastylar
and mesostylai- folds of the molars are very strong, rounded, and
stout (a distinctive character fi'om Titanoliyrax). (3) The para-

conal and metaconal folds of the molars are exceedingly feeble

and i)isignificant (a distinctive character from Geniohyus and

Bmiohyrax). (4) The P " have no hypocone ; P", a very rudi-

mentary one ; and P , a more or less well-developed one (in

Geniohyus and Bunohyrax, all P have no hypocone ; in certain

other species of Megalohyrax, P have no hj^pocone and P has
1-4

one ; and in Titanohyrax, all P have a well-developed hypo-

cone). (5) The posterior surface of the protocone of P —

M

is not rounded, but is provided with a well-rounded ridge ; the
1—3

anterior inner surface of the hypocone of M is not rounded,
but is provided with a well-developed metaloph, which is as

strong as or even stronger than the ridge on the posterior surface

of the same cone (distinctive characters from Titanohyrax).

(6) The surface of enamel of the teeth is not smooth, but very
rough (a distinctive character from Titanohyrax). These
characters indicate that Megalohyrax typified by this specimen
does not correspond to Schlosser's '"'' Megalohyrax'''' (= Titanohyrax)

at all, but to his '•'• Mixohyrax''' {= Megalohyrax).

As Andrews's measurements of the teeth of this specimen were
confusingly misprinted, I here give the measurements taken by
me (in mm.) :

—
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Length. Tf'idfh.

C 18 11-5

Pi 17 18

P^ 17 21-5

P3 18-5 21-5

P* 19 —
M^ 24 —
M^ 28-5 —
M" 34 37

i8<Length of P^"^ 75

Length of M^"" 86

(2) Megalohyrax minor Andrews.

M. minor Andrews, Geoh Mag., Decade v. vol. i. 1904, p. 213 ;

Andrews, Brit. Mus. Cat. Tert. Vert. Fayiun, Egj'-pt, 1906, p. 97

(pars), pi. vii. fig. 1 (71011 figs. 2 & 3).

Mixohyi^ax anclreivsi Schlosser, Zool. Anz., Bd. xxxv. 1910,

p. 503 ; Schlosser, Beitr. z. Pal. u. Geol. Osterreich-Ungarns w. d.

Orients, Bd. xxiv. 1911, p. 115, pi. x. (ii.) figs. 9-11.

C. 8818; type-specimen; fi\agment of left maxilla, bearing

P —M in siht.

Schlosser kept the specific name " minor " for a certain speci-

men of Andrews's and adopted a new name, '• andreirsi," for the
present species, which includes this t3'pe-specimen of M. minor.

Such a statement as Schlosser's is, of course, against the law

of priority : the name " minor " must be kept for the present
1-4 1-3

species. The length of P and of M of this type-specimen is

63 mm. and 74 mm. respectively.

M. 9478; fragment of left mandibular ramus, bearing P — M.^

in situ, which are strongly worn.

The mandibular ramus measures 52 mm. and 64 mm. in

depth at the anterior side of P and of M respectively. The

teeth measure as follows (in mm.) :

—

Length. Width.

P^ 18 12-5

M^ 22-5 14-5

- M^ 25-5 17

M^ 38 19

Length of M^ „ 85

M. 9419; small fragment of left mandibular ramus, bearing
M^ in situ. The molar measures 26 mm. in length and 17 mm.
in width.
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(3) Megalohyrax niloticus (Sclilosser).

2Iixohyrax niloticus Schlossev, Zool. Adz., Bel. xxxv. 1910,

p. 503 ; Schlosser, Beitr. z. Pal. u. Geol. OsteiTeich-XJngarns u.

(1. Orients, Bd. xxiv. 1911, p. 116, pi. xi. (iii.) fig. 9, pi. xii. (iv.)

figs. 3 ct 6, pi. XV. (vii.) figs. 1, 4, ifc 8.

Mixoh.yrax suillus >Sclilosser. loc. cit. 1911, p. 118 (jxtrs), pi. x.

(ii.) fig. 6.

(4) Megalohyrax suillus (Sclilosser).

2Iia:ohi/rax suillus iSchlosser, Zool. Anz., Bd. xxxv. 1910,

p. 503 ; Sclilosser, Eeitr. z. Pal. ii. Geol. Osterreich-Ungarns u.

d. Orients, Bd. xxiv. 1911, p. 118 {'pars ; non pi. x. (ii.) fig. 6),

(5) Megalohyrax pygm.eus, sp. n.

Saghatherium magnum Andrews, Geol. Mag., Decade v. vol, iv.

1907, p. 99 (non Andrews, 1904), text-fig. 2.

For the full description of this new species, see another

paper of mine, now in preparation. The type-specimen and
paratypes of this species belong to the American Museum. I

will cite here only one specimen belonging to the British

Museum, which is to be referred to this species.

Text-fia'ure 1.

3Iegaloliyrax j-ii/gvueus, sp. ii., Matsumoto. Crown view of left lower C—M3

;

natural size; M. 9480 j referred specimen, not tlie type.

M. 9480 ; left mandibular ramus bearing —M in situ (text-

fig. 1). ,'i'he mandibular ramus is very shallow (though crushed just

a little, it can by no means be restored to a ramus so deep as in

Saghatherium) and has a large fenestra-like opening on the inner

surface (distinctive characters from Saghatherium).

A fall description of this new species is given elsewhere.

The measurements of the teeth were as follows (in mm.) :

—

Length. Width,

C 4-5 2-7

P^ 7 4-4

P2 7-7 5

P3 8 6

P4 8-7 7-2

M^ , 10-7 7-5

M,^ 11-8 8-5

Mg 17-5 9-6

Length of P^ ^
31-5

Length of M^^ ..,,. 39



844 MR. H. MATSUMOTO ON THE GENERA OF

Genus TiTANOHYRAX, g. n.

2IegaloJiyrax Sclilosser {iion Andrews, 1903), Zool. Anz.,

Ba. XXXV. 1910, p. 502; Schlosser, Beitr. z. Pal. n. Geol.

Osterreicli-Ungarns u. d. Orients, Bd. xxiv. 1911, pp. 97 & 104.

This g'enns is diagnosed as follows :

—

Skull very imperfectly known (laying aside the problematical

specimen 0. 8801, which may possibly be referred to this genus),

but judging from the shape of premaxillae and mandible
and from the dental series of both jaws, this genus might be

more or less short-skulled and short-snouted. Premaxillse

exceedingly elongated supero-posteriorly ; their anterior ends

lying a great distance in front of the anterior ends of naso-

premaxillary sutures. Judging from the shape of the premaxillae,

the external nares may be retired backwards instead of being

terminal. Mandibular ramus shallow, without fenestra-like

opening. Dental formula: ^^ "

^ ^
; I enlarged and tusk-like;

none of lower incisors tusk-like. Cheek-teeth selenodont,

brachyodont, though rather high. All upper P —JW four-cusped.

Paraconal and metaconal folds somewhat indistinct except

in P . Mesostylar fold present in all P —M". Parastylar and
mesostylar folds trenchant instead of being rounded. Ridges of

lovv'er P,^—M AV-shaped. Metastylid well differentiated from

metaconid. Posterior talon of M rather small.

Genotype: Megalohyrax palceotherioides Schlosser, 1910.

This genus includes T. tdiimus, sp. n. ; T. schIosseri,noxQ.ri..;

and T. andrewsi, sp. n., besides the genotype.

Sijnojisis of Species of Titanohj'rax.

(1) Extremely gigantic species, being the largest oi

all the hyracoids hitherto known, upper and
lower M 2 measuring about 40 mm. in length,

whereas those of the next species measure
about 30 mm ultimus.

(2) Gigantic species ; length of upper P and of

M respectively 7 mm. and 84 ? mm.
(Schlosser); that of lower P and of M ,^,

ca. 70 mm. and 94 mm. respectively (Schlosser). schlosseri.

(3) Large species ; length of upper P and of M
respectively ca. 73 mm. and 75 mm. (Schlosser)

;

length of lower M 22 mm. (Schlosser), whereas

the same of the immediately preceding and the

next species measures 24*5 mm. and 20 mm.
respectively ; lower cheek-teeth of long and
narrow type ; snout rather long, the distance
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fi'om the tip of mandibular symphysis to the

posterior side of lower Dm, measuring ca.

114 mna. in a young individual with functional

milk-molars (Schlosser's fig. ) pcdceotherioides

.

(4) Rather small species ; length of lower M
76 mm. (tj'pe - specimen : C. 8822-3) ; lower

cheek-teeth of short and wide type ; snout

verj'' short, the distance from the tip of

mandibular symphysis to the posterior side

of lower P measuring only 86 mm. in an old

individual with much worn premolars and
molars (type-specimen) andreivsi.

(1) TiTANOHYEAX ULTIMUS, Sp. n.

2
M. 12057 ; type-specimen ; isolated, right upper M •

M. 12058
;
paratype ; isolated, left lower M^.

4
M. 12059

;
paratype; isolated, left upper P .

M. 9479
; paratype ; isolated, left upper 0.

Text-figure 2.

Titanohi/rax idtimus, g. & sp. n., Matsumoto. Crown view of right upper M- ;

natural size ; M. 12057 ; type-specimen.

2
The M , the type-specimen, is strongly worn (text-fig. 2). The

acute mesostylar fold is a generic character ; the parastylar folds

are broken away in this specimen. The outer surface of both the
paracone and metacone are distinctly concave, without distinct

paraconal and metaconal folds, also a generic character. The
inner to posterior surface of the protocone and the anterior to

inner surface of the hypocone are smoothly rounded, without
any ridge, also generic characters. The anterior and inner basal

cingula are continuous to each other, extending from, the
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anterior side of the protocone to the anterior half of the inner

surface of the hypocone.

;
Text-fieure 3.

Titanoliyrax ultimus. Crown view of left lower Mo ; natural size ; M. 12058 ;

paratype.

The M is moderately worn (text-fig. 3). The worn area, as well

as the lophids as a whole, is "W-shaped. The differentiation of

the metastylid from the metaconid (a generic character) is rather

feeble being feebler than that in the other smaller species of this

o-enus. The entostylid is differentiated from the entoconid, being

as well differentiated as the metastylid is from the metaconid

;

this differentiation is obviously more intense than that in the

other smaller species. The anterior and posterior basal cingula

are well developed ; the latter has a distinct tubercle, just behind

the posterior transverse ridge and outside the entostylid. The

outer basal cingulum is feeble, being represented by a few rather

insio-nificant crenulse between the bases of the protoconid and

hypoconid.
Text-fisfure 4.

Titanohyrax ultimus. Crown view of left upper P^ ? ; natural size; M. 12059;

paratype.

The P is well worn (text-fig. 4). The parastylar and meso-

stylar folds are very acute. The outer surface of the paracone is

distinctly concave, while that of the metacone is rather flat. The

worn area of the protocone is oval, with an acute prolongation
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exter-aiiteviorly. The inner to posterioi' surface of the protocone

is smoothly rounded, while the outer-anterior side of the hypo-
cone has a feeble ridge. The anterior and inner basal cingula

are well develoj)ed, but not continuous to each other.

Text-figure 5,

Titanoliyrax ultimus. Crown view of left upper C ; natural size ; M. 9479 ;

paratype.

The upper C is moderately worn (text-fig. 5). It is ovoid in

palatal view. The worn area has an acute prolongation, which
stretches backwards. The inner cingulura is well developed, ex-

tending from the anterior end to the posterior end of the tooth.

The teeth above described measure as follows (in mm.) :

—

Length. Width.

Up. C 16-5 12-5

P'^- 32 34-5

M^ 41 46

M2 39 28

(2) TiTANOHTRAx scHLOssERi, nom. n.

21egcdohyrax eoccenus Schlosser, Beitr. z. Pal. u. Geol. Osterreich-

TJngarns u. d. Orients, Bd. xxiv. 1911, p. 105 {non Andrews,

1903), pi. xi. (iii.) fig. 7.

Judging from Schlosser's description and figure, there is no
doubt that his specimens of his '' 3Iegaloh7/rax eoaremcs" belong

really to his " Megcdohyrax" viz. Titanohijracc, though Andrews's

Megcdohyrcuv eoccenus does not. So that Schlosser's specimens

want a new name.

(3) TiTANOHYRAX PALiEOTHERIOIDES (Schlosser).

Megcdohyrax pcdceotherioides Schlosser, Zool. Anz., Bd. xxxv.

1910, p. 502 ; Schlosser, Beitr. z. Pal. u. Geol. Osterreich-Ungarns

u. d. Orients, Bd. xxiv. 1911, p. 106, pi. xi. (iii.) fig. 1, pi. xii.

(iv.) fig. 1.

(4) TiTANOHYRAX ANDREWSI, Sp. n.

Jlegalohyrccx minor Andrews, Brit. Mus. Cat. Tert. Vert.

Fayum, Egypt, 1906, p. 97 {peers; non Andrews, 1904), pi. vii.

figs. 2 & 3 {non fig. 1) ; Schlosser, Beitr. z. Pal. u. Geol. Osterreich-

Ungarns u. d. Orients, Bd, xxiv. 1911, p. 105.
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C. 8822-3 ; type-specimen (text-fig. 6) ; large fi*agmentof right

mandibular lamus, bearing P —M, in situ, and large fragment of

left mandibular ramus, including a greater part of symphysis,

bearing I „ „ and P,—M, in situ : it is almost certain that these
° 1 & 2 3 2 '

two rami belong to one and the same mandible.

The symphysis of this mandible is quite difierent from that of

the other genera of the Fayum hyracoids : it is I'ather short and

very deep, with the anterior lower side very steep ; it' i'ather

resembles the mandibular symphysis of a tapir. ISToiie of the lower

incisors is tusk-like. Both I, . ^ ^"-'^ alike spatulate, with flat,

wide, and thin ci'owns ; their roots are clavate, with constricted

proximal parts. Unfortunately, the part of the dental arch cor-

responding to I and is broken away in this specimen ; I.^ and

C must be very reduced, if they were present at all, as can be

judged from the very short distance from I,^ to premolars. The

mandible measures as follows (in mm.) ;

—

Length of symphysis 50

Depth of the same 37

Length from tip of symphysis to posterior

endofP 86
4

Depth of ramus at anterior side of P ... 42

Ditto at anterior side of M, 53

All the cheek-teeth are moderately to strongly worn. The
entostylid is not well differentiated from the entoconid. All the

cheek-teeth are short and wide. The M ^ have a tuber-cle, as a

part of the posterior basal cingulum, just behind the posterior

transverse ridge.

The teeth of this specimen measure as follows (in mm.) :

—

Eight. Left.
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M. 9220 ; puratype ; fragment of left mandibular ramus, bear-

ing P —M 171 situ ; P M , and M.^ being imperfectly repre-

sented. The mandibular ramus, as well as the teeth, is smaller

than that of the foregoing specimen. It may be possible that
this specimen belongs to a female, and the foregoing one to a

male.

The ramus measures as follows (in mm.) :

—

Depth of ramus at anterior end of P 34

Ditto at anterior end of M 37

Ditto at posterior end of M 45

Height of ascending bar at condyle 120±
Minimum height of the same at the concavity

between condyle and coronoid process 116
Minimum antero-posterior width of the same just

below condyle 55

The teeth measure as follows (in mm.) :

—

Length. Width.

P.3 16-5 12-5

P — 14

Mj — 15-5±

M.^ 21 18

M 30+ —
.3 —

0. 8801 ; fragment of posterior part of skull, including occiput

(?this genus and species).

It is almost certain that this skull, illustrated by Andrews in

his text-fig. 39, Oat. Tert. Yert. Fayum, Egypt, 1906, does not
belong to either Geniohyus or Megalohyrax., since it differs veiy
much from the known skulls of these genera. ^Naturally, there

may be a possibility that it belongs to Titanohyrax, and even to

the present species, though of course it is not certain at present.
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The present paper is based on the examination of several

Polyprotoclont and Diprotodont Marsupials * which died in the
Society's Gardens ; and the material comprised botii fresh and
preserved specimens.

I have used my paper on the Koala and Yulpine Phalanger for

purposes of comparison (15), and I have drawn attention to the
difierences between the anatomy of Ferameles obesula and that of

Ccenolestes ohscuriis^ recently described by Osgood (9).

Wlien the abdomen of Dendrolagus ursinus was opened an
avascular peritoneal fold, representing the remains of the ventral
mesentery, was seen running from the pelvic floor posteriorly to

beyond the urinary bladder anteriol•l3^ Beddard (1) observed a
similar condition in D. hennetti and Ornithorhynchus.

Adipose Tissue:—Owen (10) states that the omentum of the
Opossums has no fat when there are accumulations elsewhere.

In Petaurus sciihreus the omentum is heavily laden with fat, and
there are deposits in other parts. The fat in the anterior joart of

the thorax contains the thoracic lobes of the thymus gland.

Cervical Lympliatic Glands :—The relative positions of the two
groups of glands in the Marsupialia have already been described

in my paper on the Koala (15), but the number of glands in each
varies. The anterior group has only one in Ferameles obesida

and Ccenolestes ohscurus, but several are present in Dendrolagus

* Didelpliyidse : Didelpliijs azarce, D. marsupialis, D. alhiventris, Metachints
opossum, Philander laniqer, Marmosa elegans ; Dasyuridai : Dastfurus viver7-vmis,

SarcopJdlus liarrisi ; Peramelida} : Ferameles obesula ; Macropodidaa : Macropus
hennetti. 31. giganteus, 31. rufus, 31. melanops, Dendrolagus ursinus, Onyclwgale
lunata, Betiongia penicillata ; Phalangeridae : Petanriis sciureus, F. hreviceps,

F. brevicep>s papuanns, Fsendochirus peregrinus, Fhalanger orientalis, Petaurus
australis. Duplicates of some adult forms, and a number of pouch specimens of
different ages were examined.



852 DR. C. F. SONNTAG ON THE VISCERAL ANATOMY

ursinus. Phascolarctos cinereus has the greatest number in the

posterior group, and the parathyroids may be included among
them.
The on]y Marsupial with exoccipital processes touching the

deep aspect of the platysma is Phascolarctos cinereus.

The MusGidar System.

As considerable attention has already been paid to the muscles

of the Marsupialia, the present section is limited to some points

in the myology of the head and neck.

The Platysma:—The origin, insertion, and relations are similar

in all Marsupials, but the characters difier considerably. In

JJendrolngn,s ursinus and Macropus rufus it is muscular in the

face but almost aponeurotic in the neck. In Perameles ohesula,

on the other hand, it is muscular and thick in the neck, but more

aponeurotic and firmer in the face; and it arises posteriorly fi-om

an equally strong and thick panniculus carnosus. In some parts

these muscles are nearly two millimetres thick, and it is difficult

to tell where the one ends and the other begins. The panniculus

is very thick over the pectoral region. Tliese conditions are

reversed in Ccenolestes obscurtrs, in which Osgood described a thin

panniculus and platysma. The platysma of Sarcopkilus harrisi

(text-fio\ 70 A) is muscular throughout, and its fibres cross at the

anterior extremity of the interramal space. Beneath it there lies

a stratum of more or less transverse fibres which fuse with it at

the sides of the neck. Although the latter cannot be traced to an

attachment in the face, they may correspond to the sterno-facialis

of some of the higher Mammalia, e. g. Octodon and the Carnivora.

The condition present here may indicate that the sterno-facialis

arises from the platysma by splitting.

The Sterno-mastokl and Cleido-mastoid :—Carlsson (2) showed

that they are fused throughout the greater part of the neck in

JJendrolagas dorianus and Petrogale penicillata, but not in Tricho-

surus vulpecida ; and they are similarly fused in Dendrolaytis

ursinus. In a pouch specimen 'of Macropus giganteus they fuse

much farther forwards ; but the muscles of Peta/urus sciureus run

parallel to one another, and are only fused at their cranial

insertions. Osgood (9) records a similar condition in Ccenolestes

ohscurus, so it differs greatly from that in Perameles obesula, in

which the cleido-mastoid arises from the cephalo-humeral and fuses

Avith the cranial end of the sterno-mastoid. In Philander laniger,

Jletachiras opossum, and Didelphys the sterno-mastoid, cleido-

mastoid, and cleido-occipital form a group of three almost parallel

muscles traversing the neck obliquely from behind forwards. In

all species examined except D. azarce they had separate origins

from the clavicle ; but in that species the cleido-occipital was

implanted I5y tendon into the cleido-mastoid at its posterior

extremity.

The posterior triangle of the neck is obliterated in Dendrolagus

ursinus- and Petrogale xanthopus, in Avhich the trapezius is in
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contact with the sterno-mastoid. In all other Marsupials the
posterior triangle is evident, and its most prominent structure

is the external jugular vein. The descending cutaneous nerves
emerge from between the muscles in Dendrolagus (text-fig. 74).

The Omo-hyoid is present in all Marsupials, and is strap-like

or fusiform. A central tendon is present in Macropus rvfas (19)
and a slight one exists in Petrogala xaniJiopus (13). In a pouch
specimen of Macrojpus glganieus (text-fig. 71a) it crosses the
lateral thyroid lobe which projects beyond the pretracheal muscles,

and Osgood (9) figures it crossing the anterior lymphatic gland in

Coinolestes obscurios.

The Sterno-hyoids form a uniform strip from origin to insertion

in all Marsupials except a male pouch specimen of Macropits
giganteics (text-fig. 71c), in which they diverge at their hyoid
attachments, and the larynx protrudes between them. They are

easily separated, as a rule, from the subjacent sterno-thyroids,

but that cannot be done in Perameles obesula. This would show
that these muscles arise from a single sheet by splitting.

In my paper on the Koala and Vulpine Phalanger (15)
I showed that the mylo-hyoid, digastric, and sterno-hyoid muscles
of the former form a thin sheet playing over, but in no way con-
nected to the hyoid bone ; but I did not observe this condition in

any other Marsupial ; it may also be an abnormality in the
animal examined by me. And in no other were there so many
small muscle bundles running between the digastrics and sur-

I'ounding muscles. The fusion of the digastric and mjdo-hyoid
supports Gegenbaur's view that these muscles were differentiated

by splitting.

The Digastric has a small central tendon in Macropus, but
none is present in Dendrolagus, Perameles, and Metachirtcs. In
Peirogale xanthopus (13) there are small fibrous areas, but no
true central tendon. The mandibular insertion is usually about
half the length of the bone between the angle and the sym-
physis, and is usually muscular, but Osgood (9) gives a more
extensive attachment from angle to symphysis in Cmnolestes
obscurus ; and the anterior part is more apotieurotic.

The Hyoglossus was absent in my specimen of Phascolarctos
cinereus, and is not described in Macalister's paper on the same
animal. It is present in all other Marsupials. Its absence in

the Koala is probably due to the long interval between the tongue
and the hyoid bone, which has few attached muscles.

Carlsson (2) desci-ibed the myology of Dendrolagus doriamos in
detail, and grouped the muscles in three sets :

—

1. Those resembling tlie muscles of the terrestrial Macro-
podidfB and differing from those of the Phalangeridse.

2. Muscles resembling those of the Phalangeridae and differing

from those of the terrestrial Macropodidae.

3. Conditions which differ from those of the terrestrial Macro-
podidae and PhalangeridsR, and are secondary adaptations for an
arboreal life.
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My own observations on Dendrolagus ii7'sinus confirm those of

Cavlsson.

The stylo-hyoid ligaments are most prominent in Phascolarctos
cineretis.

I was unable to detect any condition foreshadowing the sterno-
maxillai'es of the Edentata in the insectivorous Peramelidse.

The Mouth.

The h"ps are fleshy in all Marsupials, and the upper one is cleft

to a variable depth in the Macropodidaj, but entire in all Poly-
protodonts. An incipient cleft is present in Ccenolestes ohscarus.

They are relatively thicker and always entire in the new-born
animal. They bear numerous hard, rounded, or pointed tubercles

in many species ; in the Didelphyidfe they are absent in

Metachirus opossimi, Philander laniger, Marmosa elegans, and
Didd'phys onarsupialis, but they are situated close to the angles
of the mouth in Didelphys azane. In Dasyurus viverrinus they
are situated at the level of the canine teeth. They are close to
the angles of the mouth in Dendrolagus, Pseudochirus, and
Trichosiirus. The largest tubercles observed by me were in

Dendrolagus tirsinus. They are never so numerous as the
papilhe in the Felidse. In some forms the lips have callous pads.

Both labial frenums are present in all genera except
Dendrolagus and Pseudochirus, wiiich have only the upper one.

In the young animal it passes between the incisor teeth to be
attached to the anterior end of the incisive palatal pad, but it is

fixed to the gum in the adult. In a young ^Epyjvy^nmis rufescens

it is continuous with the median crest, running back on the
anterior end of the palate. The lower lip is united to the sides

of the gums by comb-like crests in Dendrolagus and Pseudochirus,
and these form shaggy pads in the vestibule (text-fig. TOE, a).

Labial labrets are present in Phascolomys and Ccenolestes.

Owen (10) j)ointed out that the labial glands are well developed
in Dasyurus, but I did not observe orifices in D. viverrinus.

The mucosa lining the vestibule is smooth in all Didelphyidaj,

Sarcophilus harrisi, Trichosurits vulpecula. and Petaurus sciureus.

It is covered with innumerable closely -set, rounded papillae of

moderate size in Dasyurvs viverrimis s.nd Phascolarctos cinej-eus,

but these are not arranged in rows like the papillae of the Ungu-
lata. In many Marsupials it is traversed by I'idges of various
kinds, which, in some cases, if not in all, are modified and fused
papilla". They aie thick and entiie in Perameles ohesida and
Petaurus breincejjs papuanus, and the spaces between them
probably serve as traps for insects in the former. Their free

borders are nodulated in the latter. They are thin and comb-
like in Macropus, ^Epyprymntis Pseudochirtis, and Dendrolagus
(text-fig. 70 D, Z> & E, 5) ; and their function may be to keep the
spaces between the teeth clear of food particles, for they fit into

them.
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Cheek-pouches have been described in several species.

They are large in Chironectes (10) and Ccenolestes (9), inter-

mediate in size in Phascolarctos, and small in Peragale lagotis

(10) ; but I do not think that the small fossae of Perameles ohesula

can be dignified by the name of cheek-pouches. Forbes mentions
rudimentary ones in Phascolomys. No Marsupial has comb-like
structui-es on the tongue like the XIngulata.

Text-figure 70.

A. The platysma of Sarcophilus harrisi showing superficial (a) and deep (6) fibre

B-F. The palates of Sarcophilus harrisi (B), Onychogale lunata (C), Den-
drolagus iirsinus (D), and Macropus hennetti (F). E. Vestibule of Dendro-
lagus ursinus ; c. papillae. Other letters in text.

The Hard Palate :—In many Marsupials the anterior end has
an eminence, or " incisive pad," whose long axis usually coincides

with that of the palate ; it is at right angles to it, however, in

Sarcophilus harrisi (text-fig. 70 B, jt?). It is smooth, papillose, or

tuberculated, and varies greatly in prominence. In Phascolarctos

ci7iereus and some of the Phalangeridse it is replaced by a cluster

of incisive tubercles, and its place is taken by a short, incisive

ridge in JEpyprymnus rthfescens.

The complete palatal ridges are most numerous in the Perame-

Proc, ZooL.Soc—1921,^0. LYII. 57
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lidfe and Coeoiolestes ohscurits, fewest in Trichostm'us vulpecula,

and largest in Pliascolarctos cinereus, but the commonest number

is eight. Tliey are most variable in the Polyprotodonts, and the

numbers of complete and incomplete ridges are of considerable

value for purposes of classification, as shown in the table of

formulae given below.

In all Marsupials the ridges on the anterior part of the hard

palate are larger than those on the posterior part, and the pos-

terior margin of the palate frequently appears as a well-marked

ridge. The spaces between the ridges are occupied by papillae,

tubei"cles, or incomplete ridges, and the latter are present in

DicUljyliys, Peramehs, Dasyurus, S'arcoj^hilus, and Ccenolestes. The
incomplete ridges cross the mid line, and difler from those of

many of the higher Mammalia, in which they run from a median

raphe to the sides of the palate.

No Marsupial has a median raphe running the whole length

of the palate.

In a very young pouch specimen of Onychogale lunata the lips

are entire, the tongue is excavated to form a bed for the nipple,

and the incisive pad and anterior palatal ridges are outlined and

hardly elevated ; but the posterior palatal ridges are well-marked.

The conditions are such that there is a firm area of contact

between the nipple and mouth. In an older pouch specimen of

Macropus hennetti the upper lip is cleft, the incisive pad is more
prominent, and the anterior palatal ridges are more developed

than those of Onychogale ; and in pouch specimens of Macropus
giganteus and Phalanger orientalis of still more advanced ages

the conditions resemble those of the adult—namely, large incisive

pads, strong anterior ridges, and weak posterior ones.

In animals requiring a firm contact between the mouth and

nipples large anterior ridges would be disadvantageous, and they

are unnecessary while the diet consists entirely of milk.

The vestibule and cavum oris communicate posteriorly behind

the last molar teeth, and in seA^eral Marsupials the diastemata

form anterior communications.

The Soft Palate is frequently covered with papillae, which are

small, but visible to the naked eye. It has no uvula, and thins

out posteriorly where it forms the anterior and lateral boundaries

of the posterior extremity of the nasal tube ; the orifice of the

tube is round and small, or long and pyriform or slit-like. The
larynx may be gripped by the tube, or the opening of the tube

may overlap its superior aperture. In the mammary foetus the

larynx passes into the nasal tube so that the entrance of air is

not impeded in suckling *.

In all Marsupials the oiifices of the Eustachian tubes are

within the nose. And these have been figured in my paper on

* In a maniiscvipt note Garrod states that the soft palate shuts off the glottis

from the inouth in Tamandua tetradactijla, and suggests that this arrangement
•comes into use when the animal is collecting masses of termites before swallowing.

No insects can possibly enter the larynx in consequence,
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the Koala and Vulpine Phalangei" (15). They are not surrounded
by a cushion.

The characters of the palate can be conveniently expressed by
means of formulae. In the following list denotes complete
I'idges, I incomplete ridges, P incisive pad, T incisive tubercles,

fl a median incisive ridge or raphe, and U uvula. For the area
surrounded by the incisor and canine teeth the term ^^ incisive

area" is suggested.

POLYPKOTODONTS.

Metachirus opossum CyloP IT —

Philander laniger . . . Cyl^P + IT—
Didelphys azarse . . . CtjI^P + U —

„ marsupialis Cgl^P + U —
Marniosa elegans ... CgloP—U—
Perameles ohesula . . . Cj^jIjP + U —

Dasyurus viverrinus C^^IgP + U—
Sa7-cophilus harrisi.. . C-I5P + U —

DiPROTODONTS.

Phascolarctos cinereus CgloTXJ—

Trichos^irus vulpecula CgloP—U—
Pseudochirus pere-

grinus c.,IoP-U—
Petaurus sciureus . . . C^IoTU—

„ breviceps pa-
piianns CyloP + U—

Coenolestes obsr.wus .

.

. CgljP + U—
^pyprymnus rufescens C-IoRU—
Dendrolagus (all

species) CyloP + U—
Macropus (all species) C^IoP + U—
Onychogale lunata . . . CjjIoP+U —
Phalanger orientalis . . . CgloP+U—

The only Marsupial in the above list in which the palate

narrows from before backwaixls is JSpyprymnus rufescens. In
the Peramelids the palate is long and narrow.

I have nothing to add to existing descriptions of the tonsils

and fauces. And in no Marsupial could I detect Waldeyer's
lymphatic ring in the pharynx.

The Salivary Glands (text-*figs. 71-74).

The Parotid Glands (m) are small in all Polyprodonts, but vary
considerably in thickness and superficial extent in the Dipro-
todonts. They are thick, and extend from the auricles to the
clavicles in Dendrolagus and Dorcopsis, and Garrod has figured

their surface markings in the latter (4). Their relations in the

former are shown in text-fig. 74 ; and the ducts, which are

capacious and thin-walled within the glands, become thicker and
contracted where they cross the masseter muscles. They are

equally thick, but only reach the middle of the neck in Phasco-

larctos cinereus. And in none of these genera do they pass

mesially to the inner borders of the sterno-mastoid muscles. In
other genera they are thin, and cover a variable extent of the

neck. They reach the clavicles in Petaarus, but do not extend
so far in Macropus, Mpyprymnus, and Onychogale.

The most extensive parotids are present in Pseudochirus pere-

grinus, in which they extend from the aui"icles to the clavicles,

57*
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and pass inwards to cover the posterior fourth of the ventral

surface of the neck. The glands are composed of numerous small

portions surrounded by connective tissue, but it is not always

possible to discern the ductules. They were prevented froni

reaching the mid line of the neck by the cervical thymic lobes in

my specimen of Trichosurus vulpecida, but Symington (17) saw

them cover the thymus in his. Although their extent is great

they are thin.

Text-fiffure 71

The neck of Macropus giganteiis. a. onio-hyoid; 6. thyroid gland; e. pretracheal

muscles ; d. fascia ; e. submaxillary gland
; f. mandible ; g. small gland

;

A. digastric; -i. mylo-hyoid ; y. larynx ; A. cervical thymus ; ?. sterno-mastoid;

in. parotid gland in outline.

The Submaxillary Glands (e) are, generally speaking, large in

Polyprotodonts and small in Diprotodonts, but there are excep-

tions in the latter. They are large, single, and oval in the Didel-

phyidse and Dasyuridae, and in some of the former they reach from
the angles of the mandible to the clavicles. They are immense and
lobulated in Perameles ohesida (text-fig. 72), in which a copious
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viscid secretion is required to surround and entangle the insects

trapped in the cheek-pouches (?) and spaces between the palatal

ridges and oral vestibule ; and large glands are also present in

the insectivorous Ccunolestes ohscicrus (9) *. In Sarcophilus

harrisi the total mass of salivary glands is small, but the sub-

maxillaries form the chief part.

In the Diprotodonts the submaxillary glands are single or lobu-

lated, and the largest ones are present in the various species of

Text-figure 72.

The neck of Perameles ohesida. e' . concealed lobe of submaxillary gland

;

E.T.V. external jugular vein. Other letters as in text-fig. 71.

Dendrolagus. tSmall isolated glands are present between the

main masses in Macropus giganteus (text-tig. 1\,g), but the small

glands are united to the main masses in Dendrolagus icrsinus

(text-fig. 74, g). And in these genera I traced small sympathetic

* In insectivorous Marsupials the glands are relatively smaller than those in the

insectivorous Edentata.
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nerves into the small glands (text-fig. 78, sgn). The ducts do not

open on frenal lamellae as in the Primates.

One must be careful not to confuse the submaxillary glands

with the cervical lobes of the thymus gland, and histological

examination must be carried out in doubtful cases.

The Sublingual Glands of many Marsupials have already been

described, and Oppel (8) has collected the variovis observations.

In Dendrolagus ursinus they are long, thin, and narrow, and

resemble those of D. dorianus already described by Oarlsson (2).

"

Text-figure 73.

Tlie neck of Petaurtis scmreus. Letters as in text-fig. 71.

Osgood (9) described large round glands in Ccenolestes obscurus.

Those of Perameles obesula are oval and do not extend so far

forwards. Posteriorly they are in contact with the submaxillaries.

The submaxillaries are large and the sublinguals small in

P. obesula, but the conditions are reversed relatively in

C. obscurihs.

When the total bulk of the salivary glands of each Marsupial

are compared, it is seen that Dendrolagus has the largest mass.

And they conceal large areas of the muscles in the vicinity of the

hyoid bone.
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I have nothing new to add to our knowledge of the arterial

supply and venous drainage of the salivary glands. And I could

not detect any connection between them and the anterior cervical

lymphatic glands.

Text-figure 74.

The neck of Deiidrolagus ursinus (A) and the cervical thymus B. n, o, cutaneous

branches of the cervical plexus
; p. trapezius ; q. common carotid artciy.

Other letters as in text-fia-. 71.

The Aliriientary Canal.

The (Esophagus

:

—The mucosa of the abdominal part exhibits

transverse rugsB in Didelphys, but in no other genus.

The Stomach :—The form depends on the degree of distension,

but tne latter is not stated in all existing accounts. Owen
described a globular stomach in several species, but I found that

the empty stomach is more or less triangular in a, number of

Polyprotodonts.

In Perameles ohesihla (text-lig. 75 B) the empty stomnch is tri-
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angular with the apex formed by the oesophageal orifice. The
left rounded basal angle represents the fundus, and the duo-
denum joins it at the right one. The pylorus does not project

into the duodenum, and the sphincter is weak. The fundus is

rugose. ISTo gastric gland is present as in Ccenolestes (9), but
there is a small lymphatic gland on the lesser curvature.

Text-figure 75.

The stomach in the Marsupialia. A. Bendrolagus ursinus open to show—a. central

tract; 6. sacculi; c. gland strips ; (^.oesophagus; *?. pyloric region. B. Fera-
mcles obesula. C. Metacliirus opossum. D. Petaurns breviceps. E. Fetaurus
seiureus.

The empty stomach of Metachirus opossihin (text-fig. 75 0)
difiers from the above in the thickness of the pyloric region, the
existence of well-marked rugae on both walls, and the great
strength of the pyloric sphincter. There is a small lymphatic
gland on the lesser curvature as in Perameles obesula.
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In Petaurus sciureus (text-fig. 75 E) the globular fundus is

directed forwards and to the left. The duodenum, whose com-
mencement is notched, leaves its dorsal aspect. In P. breviceps

(text-fig. 75 D) the duodenum has no notches, but a groove

marks the pyloro-duodenal junction. The greater curvature is

sacculated. ,

In Dendrolagus ursinus (text-fig. 75 A)* the greater part is

concealed by the liver, the only parts visible being the cardiac

cul-de-sac and greater curvature. The foi-m and general cha-

racters resemble those of other species already described by
Beddard (1), Owen (12), and Oarlsson (2). These authors com-
pared the stomachs with those of other Macropodidae, and
described the extent of the glandular and non-glandular parts of

the mucosa..

Owen and Beddard described groups of follicular glands lying

along the sides of the central tract (a) in D. mustios and
Z>. hennetti. In D. ursinihs they are replaced by long glandular

strips (c), into which branches of the abdominal parts of the

vagus nerves can be traced, and the vagus branches probably

contain sympathetic fibres. From the examination of the

stomachs of animals belonging to iaiost of the mammalian orders,

I have come to the conclusion that the branches of the vagi are

greatly increased in numbers when there is a special gastric

glandular apparatus. These branches pass directly to the glands

as in D. ttrsiiius, or run through a plexus with ganglia as in

Phascola7-ctos cinereus (15). The pylorus does not project into

the duodenum in Dendrolagus.

Osgood described a special gastric gland in Ccenolestes obsciorus,

but did not mention its nerve supply.

The histology of the stomachs of the Marsupialia has already

received considerable attention, and Oppel (8) has collected and
analysed the various papers. I have nothing new to add to

these accounts. Nematode worms are present in many stomachs.

The Intestinal Tract :—The observations recorded here are

supplementary to those of Chalmers Mitchell (6, 7), Cunningham
(3), Owen (10), and Flower (20).

In MetacMrus ojoossimn the well-marked duodenal Ibop is wide,

thin-walled, and extends posteriorly for a considerable distance.

The flexure between its second and third parts is connected

by the usual peritoneal ligament to the abdominal parietes and
meso-colon, but is not continuous with the splenic ligament.

The caecum is two and a half inches long. It is capacious, and
its interior is devoid of folds and septa. Meckel's Tract and the

large intestine differ in no respect from that of Didelphys

virginiana (6). The caecal mesenteiy has a concave free edge

and the angle between the caecum and Meckel's Tract is bisected

by an artery (text-fig. 76 A).

The caecum of Perameles ohesula (text-fig. 76 B) is one and

* The specimen was specially hardened by injections of forniiiliu to show the

topography of the stomach.
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three-quai'ter inches long. It is longer and thinner than that of

Peragah lagotis figured by Chahiaers Mitchell (6), and it has a

mesentery whereas that of P. lagotis has not. In other respects

the intestinal tracts of these Peramelidte are similar. Their

cjeca differ from the minute conical appendage of Goenolestes

ohscurus as figured by Osgood (9), and the latter is devoid of a

mesentery.

Text-figure 76.

A. Csecum of Metachirvs opossum ; B. caecum of Perameles ohesula ; C-F. aortic

ai-clies with innominate (lA), right subclavian (a), right common carotid (6),

left common carotid (c) and left subclavian {d) arteries ; G-.T. the spleens of

the Marsupials (names in text).

The ligament running backwards from the duodenum in

Peraoneles ohesula crosses the front of the rectum and fuses with

the splenic ligament. They enclose a pocket containing the

rectum, and a probe passed into it runs backwards into the

pelvis.

The intestinal tract of my nearly adult female Dendrolagus

ursinus differs in several respects from that of a young specimen

described by Chalmers Mitchell (7). The duodenal loop is sharply

differentiated, but runs insensibly into Meckel's Tract. The coils

of Meckel's Tract do not form a double spiral, and there is only
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one csecum. The latter is Lusiform, but is devoid of longitudinal

bands, sacculi, and a vermiform appendage, and the superior

mesenteric artery does not occupy the free edge of its mesentery.
At the point where the ileum enters the colon there is a trans-

verse vein. At a point two inches proximal to the ileo-csecal

jvmction there is a single Peyer's Patch measuring one and a
quai'ter inches in length.

No trace of a second csecum was found in my pouch specimens
of Macropus benneUi, Macropios giganteus, Onychogale lunata, and
Bettongia penicillata.

I have refrained from giving a detailed list of the measure-
ments of the different parts of the intestinal tract in my speci-

mens as they had been preserved for varying periods. The data,

if given, would be of little value in consequence.

The Pancreas,

In all Marsupials examined except Phascohuxtos cinereus, I

found the pancreas much subdivided and dendritic, but the
arrangements of the subdivisions varied considerably. In Afeta-

chirus opossum the}"" are aggregated to form a compact mass in the

posterior part of the duodenal loop, and a long, narrow part

stretches across the abdomen to the spleen. Small branches are

given off from the body. The duct opens into the duodenum
along with the couimon bile-duct. Perameles ohesula also pos-

sesses a long, narrow body with lateral processes, and the duodenal
loop contains an almost complete ring of pancreatic tissue such as

is found in some Rodents and Oarnivora.

In Petaurus sciureus, P. hreviceps, and P. breviceps pajyuanus the

pancreas consists of long strips and small isolated pieces arranged
along the course of the mesenteric vessels. It is difficult to detect

the ducts of the small lobules, and it is impossible to do so when
there is much fat in the omentum and mesentery. The same
dendritic arrangement is seen in Dendrolagus ursinus, in which
the pancreatic and common bile-ducts open separately into the
duodenum. In Macropus, on the other hand, the ducts are

confluent (Owen).
Osgood describes a dendritic pancreas in Goenolestes ohscurus (9),

so its condition is no more highly evolved than that of Perameles
ohesula.

It is evident, therefore, that the pancreas of Phascolarctos

cinereus is of a higher type than the dendritic, more or less

diffuse, organ of other forms. *

The Organs of Circulation,.

The Pericardium adheres to the diaphragm in all Marsupials
except Trichosurths vulpecula, and it adheres to a variable extent
to the sternum and ribs. In Dendrolagus ursinus and pouch
specimens of Macropms (/iganteus and M. hennetti the lungs were
seen to overlap the base of the heart, and the preconlia, or

uncovered part, was adherent to the sternum and ribs.
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The Heart :—In all Marsupials the apex is formed by the left

ventricle, and the right ventricle falls short of it by a variable

interval. Cunningham (3) stiites that the right venti'icle in

Thylacinus stops short of the apex by 1| inches, but I never

observed such a long interval in any Marsupial. In very young-

pouch specimens the right ventricle is relatively longer than in

adults.

Owen (11) describes bifurcation of the right auricular appendix
as one of the chief characteristics of the Marsupial heart, but

some species have no trace of a division, and in others the division

has no reference to the ascending aorta.

The appendix is conical and bifid in Petaurus sciureus and
pouch specimens of Macropus hennetti and Macropus gigantetis,

but the two divisions are small. In Dendrolagus iirsinus and
Perameles ohesula it is large and round ; and the former has a

well-marked process lying on the dorsal aspect of the aorta, but
no trace is present in the latter. Cunningham pointed out that

there is no bifurcation in Thylacinus and Dasyurus, but there is

a strong division in Cuscus and Trichosurus. A slight division is

present in Phascogale, but it has no reference to the ascending

aorta (3). In Phascolarctos cinereas the secondary process is large,

and the right precaval vein passes into it.

The characters of the interior of the auricles and ventricles

of many Polyprotodonts and Diprotodonts have already been
described by Cunningham.

The Aortic Arch :—In all Marsupials it describes a full curve

and ends at the level of the fourth dorsal vertebra, and the

relations are similar in all forms to those described in the Koala

(15). The branches differ considerably, for six types are present,

as shown in text-fig. 76 C-F.
1. Both carotids and subclavians arise separately, so no inno-

minate artery is present

—

Phascolarctos civ.ereus f.

2. The two subclavian and the innominate arteries are given

oflF, and the latter divides into the two common carotid arteries—

r

Dasyurihs macrurus (C).

3. The branches arise as in Man

—

Phascolarctos cinereits*,

Petaurus breviceps*, and Phascoloimys mitchelli (D).

4. The innominate artery gives off the left common carotid

artery, and divides into the right subclavian and right common
caxotid arteries

—

Trichosurus vulpecula'f.

0. The innominate artery gives ofi the right subclavian artery,

and is continued as the bicarotid trunk which divides into the

two common carotid arteries

—

Thylacinus harrisi, Diclelphys can-

crivora, Dasyitrus viverrinus, and Petaurus ausiralis * (E).

6. The innominate artery gives off the right subclavian and

both common carotid arteries at the same level

—

Citscus onacu-

latus, Dendrolagus ursinus, Phascolarctos cinereus *, and Macvopus
gigaitteus (F).

* These observations are recorded in bitlierto unpublished notes by Garrod.

t These tj'pes have been figured in my paper on the Koala.
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The left subclavian artery is the only constant branch, and the

left superior intercostal artery sometimes arises from the arch a

little distal to it.

I agree with Cunningham that there is no trace of the

obliterated ductus arteriosus. And I have nothing to add to

existing descriptions of the remainder of the arteries.

The Fence Transversa is usually horizontal and drains the

mouth, tongue, salivaiy glands, and some of the cervical muscles.

In a few cases it receives laryngeal veins. In some specimens of

Trichosuriis vulpecula it is connected to the internal jugular veins

by vessels corresponding to the anterior jugular veins of the

Ocelot and Man. I have already figured these in my paper on
the Koala and Vulpine Phalanger (15).

The External Jugular Veins in all Marsupials are similar to

those described in my paper on the Koala.
In all Marsupials examined by me there are two precaval veins,

but Garrod mentions in a hitherto unpublished note that the two
innominate veins unite about half an inch in front of the heart

to form a single precaval vein in Petaurus breviceps.

The Postcaval Vein covers the posterior half of the abdominal
aorta in all Marsupials examined by me except Phascolarctos

cinereus, and Hochstetter found it covering the aorta in all

except Petaitras taguanoides. Beddard found it covering the

aorta in all his specimens.

The Urinary Organs.

The kidneys are conglobate in all Marsupials, and their relative

positions vary as follows :

—

1. Right kidney entirely anterior to the left one

—

Phasco-
larctos cinereus.

2. Posterior pole of right kidney level with the hilum of

the left one

—

Metachirus opossum, Marmosa elegans, Perameles
obesula, Petaurus sciureus, and Trichosurics vuljyecula.

3. Both kidneys situated at the same level

—

Macropus
gigcmteus, Macropus hennetti, Dendrolagus ursinus, and Coenolestes

obscurus.

On section only one papilla is present, and it may be sharp and
conical, or broad and flat. Small nodule-like elevations may be
present on broad, flat papillse. No fat is present in the kidney
pelves in any of my specimens.

The course of the ureters is similar to that already described

in my paper on the Koala and Vulpine Phalanger (15).

Tha ventral surface of the bladder is connected to the ventral
abdominal wall by a ligament, which varies in prominence in

different species. It is thin in the Polyprotodonts and thick

in Dendrolagus lorsinus. In that species, as in D. hennetti (1), its

attachment to the abdominal wall is very extensive. In all

species it is completely anangious. It represents the remains of

the ventral mesentery. Lateral vesical ligaments are absent.
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The dorsal surface of the bladder of Denclrolagus ursinus is

connected to the dorsal abdominal wall at the sides of the

vertebral column by two strong ligaments, which divide the pelvic

cavity into a median and two lateral compartments. The central

one contains the rectum and uterus, and the oviducts curl over

the fi'ee edges of the ligaments.

In Perameles obesula the uterus is separated from the rectum

by the wall of the peritoneal pocket formed by the fusion of the

splenic and duodenal ligaments.

I have nothing to add to the existing descriptions of the

generative organs of either sex, nor to Osgood's resume of our

knowledge of the marsupial bones (9). In the latter paper the

nipples are also enumerated, and it is shown that they are

asymmetrically arranged in the Didelphyidfe alone.

The Ductless Glands.

The sup7Ycre)ial capsules are situated on the mesial aspects of

the antei'ior poles of the kidneys in all Marsupials examined by

me except Phascolarctos cinei-eus, and that species has a very

prominent ligament uniting the left kidney and its capsule.

The Thymus Gland.

The Polyprotodonts difler from the Diprotodonts in the charac-

ters of the thymus gland. In the former it consists of two

elongated or oval bodies in the anterior part of the thorax, but

in the latter there are two cervical lobes in addition ; and one

must be careful to distinguish them from salivary glands.

Osgood (9) found four thoracic glands in Cctnolesfes.

Topography :—The cervical lobes lie immediately under cover

of the platysma. They are oval or pyriform, with the narrow

ends turned forwards. They lie at the root of the neck, as in

Bendrolagus m^sinus (text-fig. 74 B), Macropus giganteus

(text-fig. 71, k), and Macropus rufiis, or they may extend far

forwards and even conceal one of the submaxillary glands, as in

Petaurus sciureits (text-fig. 73, k). They may touch the parotid

glands anteriorly, or be in contact with them throughout the

entire length of the neck as in Trichosurus vidpecida. In Pseudo-

chirus peregrin-US they are concealed by the parotid glands. They

may be in contact with the mid line, or an interval in which the

pretracheal muscles are seen may sepai-ate them. The subjacent

structures are the sterno-mastoids, pretracheal muscles, and part

of the sternum a,nd clavicles.

The surfaces may be finely or coarsely lobulated, and in no case

were they invested by a connective-tissue capsule derived from

the cervical fascia.

Symington (17) described and figured the topography of the

thoracic lobes, and described the gland in a number of Marsupials.

His observations on the Polyprotodonts are limited to Didelphys

virginiana and Basyxiruscancrivora. He could not detect cervical
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lobes in either of these species, and I was unable to detect them
in the Didelphyidse, Dasyuridpe, and Peramelida3. He believes

that the primitive condition is present in the Dasynridse, and the

cervical lobes of the Diprotodonts are a specialization in asso-

ciation with the vegetable diet and the call for a larger amount
of thymic tissue. If, as Swale Vincent suggests, the cervical and
thoracic lobes perform different functions, it is difficult to ascribe

any use other than dietetic to the former.

As age advances, the thymus—both cervical and thymic

—

diminishes in size and degenei^ates.

The Thyroid Qland.

In JPerameles ohesula the left lobe is long and narrow, but the

right one is short and oval, and partly under cover of the pec-

toralis major. No isthmus is present ; and this arrangement is

the reverse of that which I have already described in Phasco-

larctos cinereus (15).

In all otlier Marsupials, I found the gland to be composed of

two small, oval lobes lying on the sides of the larynx alone

(Petaurus sciureus), or the posterior part of the larynx and a

variable number of tracheal rings ; and the only animal possessing

an isthmus is Trichosurios vulpecula.

Each lobe receives a single artery from the common carotid,

and the veins join the internal jugular veins.

The lobes were concealed by the pretracheal muscles in all

animals examined except a male pouch specimen of Maa-opus
giganteus.

The Spleen (text-fig. 76 G-J).

The observations recorded here are supplementary to those of

Colin Mackenzie (5), Owen (11), and Retterer (21).

In most genera there is little vai-iation in form in the various

species, but the spleen has different shapes in the species of

JJendrolagus. In D. ursinus it is long and Y-shaped, with

rounded extremities (text-fig. 76 1). In D. inustus (12) it is

T-shaped, and it is spoon-shaped in Z). bennetti (1). Carlsson (2)

states that it is pointed in D. doriamts.

In Petaurus sciureus (text-fig. 76 J), P. breviceps, and P. hreviceps

pcqnianus the spleen is triangular, with sharp angles not prolonged

into processes, and the base of the triangle is applied to the

greater curvature of tlie stomach.

The spleen of Phalanger orientcdis resembles those of the

Petaurists, the only difference being that its apical angle is 90°,

whereas those of the latter are larger.

Colin Mackenzie described and figured the spleen of Macropus
and my specimens differ in no way from his description ; and a

pouch specimen of Onychogale lunata has a Y-shaped spleen

similar to that of the Kangaroos. The form does not alter from
birth to adult life.
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In Perameles obesula (text-fig. 76 G) the spleen has a massive

triangular body with thick sides, and the angles are prolonged by
cylindrical or flattened processes of splenic tissue. If the pro-

cesses are removed, the resulting organ resembles that of

Phascolomys described and figured by Colin Mackenzie. Garrod

states in a hitherto unpublished note that the spleen of the

Wombat forms an equilateral triangle. In a specimen of

Phascolomys mitchelli it had a lateral piece. In Perameles nasuta,

it is thin and triangular, without prolongations.

The Bandicoots are the only Marsupials in which I observed

a continuity between the splenic and duodenal peritoneal liga-

ments. And the looseness of connection between the spleen and
stomach differs considei-ably ; these viscera were very closely

united to one another in Dendrolagus ursinws.

Osgood (9) showed that the spleen of Coenolestes obscurus has

an elongated body and a lateral piece, so it differs from that of

Perameles obesula.

In Metachirus opossimi it is T-shaped, with one of the hori-

zontal limbs short (text-fig. 76 H).

The external appearances of the spleens difier considerably

even in different species. Histological examination of the spleens

of many Marsupials shows that there is a very strong trabecular

network.

The Respiratory Organs.

The epiglottis is large, and its apex, which is entire or notched,

is frequently emarginate. It lies vertically or inclined forwards,

and it is sometimes gripped by the posterior extremity of the

nasal tube. And it is closely related to the base of the tongue in

all Marsupials except Phascolarctos cinereus. As the form of the

epiglottis and prominence of the aryteno-epiglottic folds vary,

the shape and size of the superior aperture of the larynx differ

considerably (text-fig. 77).

In Didelphys azarce the epiglottis is large, conical, connected

to the arytenoids by prominent ligaments, and strongly emar-

ginate, without any trace of a notch. The superior aperture of

the larynx is long and narrow, and cuts into the posterior surface

of the epiglottis. In D. mai^supialis, on the other hand, the

entire epiglottis is only slightly emarginate, the arytenoid carti-

lages are plainly visible, and the superior laryngeal aperture is

wide and round. In Philander laniger and Marmosa elegans the

epiglottis is broad, and its apical margin is slightly concave but

not emarginate ; and the superior aperture of the larynx is

triangvilar. Their condition is intermediate between those of

Didelphys and Metachirus opossum, in which the non-emarginate

apex of the epiglottis is notched. The epiglottis, therefore,

is of considerable value for differentiating the genera of the

Didelphyidse from one another.

The epiglottis is large, prominent, and entire in the Dasyuridse.

In Dasyurns viverrinus it is uniformly thick and the apex is
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slightly emarginate. Its connections to the arytenoid cai^tilages

are also thick, and the superior aperture of the larynx is large

and open. The rima glottidis has very thick boundaries. In

tSarcophil'us harrisi, on the other hand, the epiglottis is large

and thin, and its posterior parts are folded inwards and lean

against the anterior parts, so the superior aperture of the larynx

is a transverse slit. And the arytenoid cartilages and rima

glottidis are entirely concealed.

Text-fi2ure 77.

Dide/phys

marsupia/is.

P/}3/a/>ffer
Petaurus bre^i-

or/enta/is.
capspapuanus.

The larj'iix of the Marsupialia. The convex dotted lines crossing the epiglottis'

are the levels of emargination.

The epiglottis of Peraineles ohesula has a broad, emarginated,
notched apex ; and there is a small fossa with a crescentic

orifice between the epiglottis and the tongue. The characters of

the fossa in P. lagotis have already been described by Owen (10).

In the Macropodidfe there is considerable variation in the
characters of the epiglottis. In Dendrolagus iirsinus it is entire

and the sides are folded inwards, so the superior laryngea

Prog. Zool. Soc— 1921, No. LYIII. 58
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aperture has the form of the figure 8, and the rima glottidis is

invisible. In jEpyprymnits r^ifescens, Macropus hennetti, and

Macropus giganteus the apex of the prominent epiglottis has a

small sharply-cut notch resembling that in Trichosurus vulp)ecula,

and much emargination is present. The notches in the Polyproto-

dont, on the other hand, are wider and shallower.

Owen (10) states that the epiglottis of the Phalangers is broad

and bifid, but I found it entire and slightly concave in a mam-
mary foetus of Phalanger orientcdis. It is entire in Pseudochirus

peregrinus, Petaurus sciureus, Petaurus hreviceps, and Petcmrus

hreviceps var. papuanus. In Petaurus sciureus the degree of

emargination is considerable.

The large entire epiglottides in Phasolarctos cinereus (15) and

Coenolestes obscurus (9) have already been described.

The characters of the other cartilages, and the cords, ventricles,

and muscles are described by Owen.
The trachea is usually long and narrow, but it is short and wide

in Phascolarctos cinereus. The cartilages frequently form com-

plete rings, but in many species they are defective behind and a

membrane fills the gap. Some of the rings are expanded and

thickened on one side, and the numbers observed were :

—

Meta-

chirus opossum 19 ; Perameles ohesula 34 ; Petaurus sciitreus 35
;

Dendrolagus torsinus 35. The numbers in other Marsupials have

been recorded by Cunningham (3), Osgood (9), and Owen (10).

In Marsupials in which the vagus and sympathetic are separate,

the tracheal and pulmonary plexuses are large.

The Lungs :—My observations difi'er from those of Owen (10)

in a number of cases. In the Didelphyidfe the right lung is

trilobate and has a well-marked azygos lobe. The left lung is

entire in Metachirus opossum, but is bilobate in Marmosa elegans.

In Perameles ohesula the right lung has three lobes and an azygos

appendage, and the left one is entire : Owen also states that the

left lung of Perameles is undivided. The Phalangeridse have

bilobate left lungs, and the right ones are trilobate with the

azygos lobe in addition. In the Macropodidsp, of which Dendro-

lagus ii^rsinus, Alacropus hennetti, and Macropus giganteAis were

examined, both lungs have deep median sulci dividing them into

anterior and posterior parts, but these are not entirely separated

from one another, and the azygos lobe is large. The conditions

difiTer from those of other Kangaroos described by Owen (10).

The mesial borders of the lungs are thin in the Macropodidse.

The division of the lungs appears to difiTer considerably even in

the same species. Osgood (9) observed variations in Coenolestes

obscurus, and Owen, Forbes, and I have recorded three dififerent

arrangements in Phascolat'ctos ciiiereus. I am unawai-e of any
account of the lobes of the lungs of the uterine foetus, and it is

important to ascertain whether there is fusion of lobes of the left

lung during development similar to that which takes place in

Bradypus tridactylus, in which the foetal lungs are divided into

lobes : but those of the adult are entire.
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In a Dendrolagus ursinics hardened by formalin injections it is

seen how the lungs conceal the large vessels and part of the right

auricular appendix.

Text-fiafure 78.

The cervical parts of the vagi and sj'mpathetics in Dendrolagus ursinus.

Letters in text.

The Vagus and Sympathetic Nerves*.

No account of the viscera of any animal is complete without a

description of these nerves, which control their activities.

The cervical parts are arranged in two ways ^n the Marsupialia,

* The lettering on text-figs. 78 ancV79 corresponds, so far as possible, to that of

text-figs. 62 and 63 in my paper on the Koala (15).

58*



874 r»R. C. F. SONNTAG ON THE VISCERAL ANATOMY

In the first type, Avhich is present in both Polypi"otodonts and
Diprotodonts. they are fused to form vago-sympathetic cords.

In the second form, which is found onlj^ in Diprotodonts, they

are connected by a variable number of communicating branches.

In no Marsupial did I find both types present in the neck as I

observed them in Tamanchia tetradactyla and Lutra maculicoilis.

These forms were present as follows in my specimens :

—

Type 1 :

—

Metachirus opossu7n, Bidelphys azarce, Didelphys

marsiipialis, Philander laniger, Dasyurus vwer7-inus, iSarcojohilus

harrisi, Ferameles obesula, Phascolarctos cioieretcs, Trichosurus

vuljjecula, and Petatoi'us scuoreus.

Type 2 :

—

Dendrolagus ursinus, Macropits giganteus, Macro2nhs

hennetti, Pseudochirns pereyrioius, and ^pyprymntis rufesceris.

The course of the vagi from the base of the skull to the point

where they reach the cesophagus in the posterior part of the

thorax has already been described in my paper on the Koala (15),

but the branches vary considerably.

The vagus (V) and hypoglossal (XII) nerves are fused in

Phascola7'ctos cinereus, but branches of communication run
between them in other Marsupials.

In Dendrolagus ursinus the pharyngeal (a) and superior laayn-

geal (b) nerves are given ofl^ from the sjanjjathetic on the right

side, but from the vagus on the left. The cord giving off the

right nerves supplies the submaxillary glands (s.g.n), and
possesses a ganglion (g') ; it probably contains vagus fibres.

The vagus and sympathetic communicate. In the first type

branches run between the vagus and superior cervical ganglion

{s.c.g). In the second type there are several branches of com-
munication (c') throughout the neck as well.

At the root of the neck the right vagus gives oft" its recurrent

branch [d), and the vago-sympathetic cord is resolved again into

its component vagus (v) and sympathetic (s) elements. I observed

no communications between the right and left recurrent laryn-

geal nerves, but the right nerve and sympathetic cord com-
municated.

Cardiac Nerves :—In type 1 the vagus transmits sympathetic

cardiac nerves, but in type 2 (text-fig. 79) the cardiac branches of

the vagus (/) and sympathetic are separate throughout. And the

cardiTiC branches of the sj^mpathetic (c.b.s) come fi-om the middle

ganglion or main cord, but never from the superior ganglion.

The cardiac and pulmonary plexuses have well-marked ganglia in

Dendrolagus iirsinus, and that species has large tracheal and
resophageal jolexuses.

The Posterior Thoracic Parts of the Vagi

:

—Id the Koala, as in

some reptiles, birds, and Man (Wirsung's case), they are fused to

forma combined trunk; but the trunk of the Koala is not

I'esolved again into the two vagi. And many gasti'ic nerves are

given oft" in the thorax.

In Metachirus opossum the left vagus runs along the ventral

surface of the cesophagus. It gives off" a branch which accom-
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panies the right vagus on the dorsal aspect on the oesophagus.

And no branches of communication ran between the vagi*. In
Perameles obesula the cords have a similar disposition, but com-
municating branches run between them.
The conditions ai'e more complex in Dendrolagus ursimis

(text-fig. 79 A). The vagi are linked together by numerous
branches of communication (c.b.v). The left one has a large oval

expansion (ev) beyond which it bifurcates, and the right half fuses

with the right vagus. The branches of supply to the oesophagus

are very numerous.
Text-figure 79.

The vagus and sympathetic in Dendrolac/us ursiuus. A. In anterior two-tliirds of

thorax. B. Posterior thoracic and abdominal parts. 0^:1. oesophageal plexus

;

tp. tracheal plexus
; y. right cardiac branches of vagus ; (/. pulmonary nerves '

C.P.G. ganglia of caixliac and pulmonary plexuses. Other letters in text.

In no case did I find any communication between the vngus
and phrenic nerves.

Abdominal Parts of the Vagi:—The vagi terminate in three

ways in the Marsnpialia. The combined trunk ends in the solar

plexus, and gives branches to the stomach in the Koala as in some

* In N'andinia linotata, the most primitive Carnivore, the conditions resemble
t\iO%e iw Jletacliirus

.
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lower Yertebrata. In Metacliims opossum and Perameles ohesula

the left vagus ends in the ventral wall of the stomach, and the
right one gives branches to the stomach and ends in the solar

plexus. In the third type, which is exemplified by Dendrolagus
ursinus (text-fig. 79 B), the main masses of the vagi end in the
stomach, and branches of communication run to the solar plexus.

Niunerous bi-anches (g.jy.n) run to the special gastric gland.
I never observed any other mode of termination in the

Mammalia, but the branches of communication between the vagi
and the abdominal sympathetic plexus are more numerous in

some of the Eutheria.

The Cervical Sympathetic :—The arrangement in animals with
the first type is figured in my paper on the Koala (15), and that
in the second type is shown in text-fig. 78.

The superior cervical ganglion (S.C.G) is always present ; the
inferior one is frequently present, but the middle one (M.C.G) is

very variable. It is well-marked in Dendrolagus ursinus, but
absent in yEpy2)rymmis rtifescens. In a pouch specimen of

Macrojms giganteus it appears as a slight increase in the diameter
of the nerve. When both middle ganglia are present one may
be minute and give oflf no branches. The branches of the cervical

sympathetic are :

—

1. Communicating to the cervical plexuses, vagi, and right
recurrent laryngeal nerve.

2. Branches accompanying the common carotid {a.h), sub-
clavian, and vertebral arteries.

3. Cardiac nerves (c.b.s.) which arise from the middle or inferior

ganglia or main cords themselves.
I was unable to trace the filaments accompanying the vertebral

aiieries to the brain. In some higher Mammals they can be
traced nearly to the interpeduncular space.

The sympathetic cords terminate in one of three ways. They
may end in the solar plexus and giveofi" no branches to the aortic

plexus; and in this and the next form no splanchnic nerves are

present. In the second type the main mass of the sympathetic
ends in the solar plexus, but sends a small communication branch
to the aortic jolexus. In the third type, Avhich is the com-
monest, the cords run back to the sacral region, and splanchnic
nerves are present.

It has been shown by Yolkmann, Bidder, and others that the
sympathetic becomes included more and more in the vagus as we
descend the vertebrate scale, and I believe that the form in

which they are fused in the neck is more primitive than that in

which they are separate. The nerves are fused in the neck in

Ornithorhynchus (Knox).
In Dendrolagus iirsimis the phrenic nerves bifurcate beyond

the roots of the lungs, and the halves pass to the ventral and
dorsal parts of the diaphragm. The nerve to the omo-hyoid
comes from the cervical plexus, and has no connection with the
hypoglossal nerve as in Petrogale xanthopus.
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Systematic.

"When the structures described above are arranged in sys-

tematic order, the following results are obtained :

—

Sub-order POLYPROTODONTIA.
Characters common to all Genera :—Lips entire. Both frenum*

present. Three circumvallate papillae, a well-developed sub-
lingua, and no lateral organs. Tonsils compact. Stomach simple
and has no special gland. Parotids small. Submaxillaries
large. Intestiiial tract short. No cervical thymus. No thyroid

isthmus. Post-caval vein covers aorta. Yagus and sympathetic
fused.

Family Didelpiiyidje.

Characters common to all Genera :—Oi'al vestibule smooths
No cheek-pouches. Duodenal loop differentiated. Caecum well-

developed. Thyroid gland anterior. Mammae asymmetrical.

Patella not ossified.

Genus Didelphys :—Labial tubercles variable. Palatal formula
C9l,P-|-U— . Epiglottis conical, entire, emarginate. Lower
oesophagus transverely rugose. Mammae 5-13.

Genus Metachirus

:

—No labial tubercles. Palatal formula
C^IgP—U— . Epiglottis notched. Lower oesophagus not trans-

versely rugose. Mammae 7-9.

Genus Philander

:

—No labial tubercles. Palatal formula

OjjI,P-t-U— . Epiglottis has concave antei'ior border and
i"ounded angles. Lower oesophagus not transversely rugose-

Mammae 7.

Genus Marmosa

:

—No labial tubei^cles. Palatal formula

CgloP — U— . Epiglottis with concave anterior border a.nd sharp

angles. Lower oesophagus not transversely rugose. Mammae
9-15.

Family Dasyueid^e.

Characters common to all Genera

:

—No cheek-pouches. Duo-
denal loop not differentiated. Caecum absent. Thyroid gland

anterior. No transverse oesophageal rugae. Mammae sym-
metrical. Patella not ossified.

Genus Dasyurus

:

—Labial tubercles opposite canine teeth.

Oral vestibule papillose. Pala,tal formula C^jI^P-t-U— • Epi-

glottis thick, rounded, entire. Mammae 6-8.

Genus Sarco2)hilus :—No labial tubercles. Oral vestibule

smooth. Palatal formula G.LP-[-TJ— . Epiglottis thin and
parts crushed together. Mammae 4.

Family PERAMELlDiE.

Genus Perameles :—No labial tubercles. Oral vestibule with

hard ridges. Cheek-pouches (?) small fossae. Palatal formula

O^JjP-l-U-. Epiglottis notched. No transverse oesophageal
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rugse. Duodenal loop difFerentiated. Caecum well-developed.

Spleen massive and triangular. Thyroid gland posterior.

Mammae symmetrical. Patella ossified. Mammae 6-8.

Sub-order DIPROTODONTIA.

The Dij^rotodontia have few characters common to all their

genera in contradistinction to the Polyprotodontia. And these
characters are :—Parotid glands large. Tongue has reduction in
the sublingua and shows lateral organs. Thymus gland has
two cervical and two thoracic lobes. Meckel's Tract long.

Caecum large.

Familj'^ Macropodid^e.

Characters common to all Genera

:

—Lips cleft. No cheek-
pouches. Oral vestibule ridged. (Esophagus has no transverse
rugae. Stomach sacculated. Lungs have small degree of

division. Vagus and sympathetic nerves separate. Thyroid
gland anterior and has no isthmus. Mammae symmetrical.
Patella not ossified.

Genus Macropiis

:

—Both labial frenums present. Palatal

formula C^I(,P-)-XJ— . Epiglottis notched and wide. Spleen
with lateral process. Stomach has patches of follicular glands
and the a,rea of digestive epitheliuixi is small. CEsophagus enters
stomach near cardiac end. Mammre 4.

Genus Dendrolagus :—Large labial tubercles. No lower labial

frenum. Palatal formula CJoP +U — . Epiglottis entire and
folded. Stomach with large area of digestive epithelium and
follicular glands in patches or strips. Spleen Y-, T-, or

spoon-shaped. Esophagus enters stomach near cardiac end.
Mammae 4.

Genus ^Epyiirymnus :—No labial tubercles. Both labial

frenums present Palatal formula C.IoRU— . Epiglottis wide
and notched. CEsophagus enters stomach near pyloric end.

Family Phalangerid^.

Characters common to all Genera :—Lips entire. No cheek-
pouches. Ql^sophagus has no transverse rugae. Stomach simple
and has no special gland. Duodenum not a very specialized

loop. Meckel's Tract short. Caecum well-marked. Mammae
symmetrical. Patella not ossified.

Genus Petatirus:-—No labial tubercles. Both labial frenums
present. Oral vestibule smooth. Palatal formula varies. Epi-
glottis entire and rounded. Spleen an isosceles triangle. Vagus
and sympathetic fused. Mammte 4.

Genus Pseiidochirus

:

—Lower labial frenum absent. Lai'ge
labial tubercles. Oral vestibule ridged. Palatal formula
CgloP—U— . Epiglottis entire. Vagus and sympathetic sep-
arate. Mammae 4.
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Genns Phalanger

:

—Both labial frenums present. No labial

tubercles. Oral vestibule smooth. Palatal formula C^IpP+U—

.

Epiglottis with shallow notch. Spleen a rectangular scalene

triangle. Vagus and sympathetic fused. Mamm?e 4.

Genus TrkJiosurus

:

—Both labial frenums present. Labial

tubercles present. Oral vestibule smooth. Palatal formula
CglgP — U— . Epiglottis with sharp notch. Spleen with lateral

piece. .Vagus and sympathetic fused.

Family Phascolaectid^.

Genus Phascolarctos :—Both labial frenums present. iSTo labial

tubercles. Oral vestibule papillose. Palatal formula CglyTU—

.

Epiglottis large, entire, emarginate. Spleen an isosceles triangle.

Stomach has a special gastiic gland. Vagus and sympathetic

fused. Mammoe 2 and are symmetrical. Patella absent.

Osgood (9) described the resemblances between Copnolestes

obscurus and modern Peramelids, and the following table shows
the differences between it and Perameles obesula:—
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following list enumerates the points in which all forms differ from
Phascolarctos cinereus

:

—
1. Hyoglossus muscle present.

2. Vena ti-ansverse horizontal.

3. Anterior palatal ridges convex forwards.

4. Tongue close to ej)iglottis.

5. Pylorus does not project into duodenum.
6. Tonsils in fauces.

7. Pharynx has no dorsal ridges.

8. Innominate artery present.

9. Postcava covers abdominal aorta.

10. Gall-bladder does not extend as far as the middle of the

duodenum.
11. Pancreas dendritic.

12. Patella present.

13. Right lung has an azygos lobe.

I have nothing new to add to the well-known external and
skeletal characters of the Marsupialia.

Summary and Conclusions.

1. The mylo-hyoid and sterno-hyoid muscles are attached to

the hyoid bone, and the hyoglossus muscles are present in all

Marsupials except Phascolarctos cinereus.

2. The stemo-facialis muscle may arise from the platysma by
splitting.

3. The characters of the mouth and epiglottis are very variable

in the Marsupialia, and I would urge that they be added to those

at present in use for purjDoses of classification.

4. The riglit aiiricular appendix is not always bifid, as stated

by Owen, and sometimes the division has no relation to the
ascending aorta.

5. When a special gastric gland is present, the abdominal
branches of the vagi are very numerous.

6. The Polyprotodonts have small" parotids and large sub-

maxillaries, bvit the reverse is the case in Diprotodonts. The
largest glands are present in Dendrolagus.

7. The thyroid isthmus and anterior jugular veins are only
found in Trichosurxhs vulpecuia.

8. The postcaval vein covers the aorta in all Marsupials except
Phascolarctos cinereics and Petaurus taguanoides.

9. The vagus and sympathetic nerves are fused in the neck in

all Polyprotodonts and some Diprotodonts, but they are separate

in a few Diprotodonts. From the examination of these nerves

in all classes of vertebrates I have come to the conclusion that

the former is the more primitive type.
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10. The Polyjivotodonts have more characters common to all

genera than the Diprotodonts. And they retain pi'imitive cha-

racters in their tongues, intestinal tracts, thymus glands, and
nervous systems.
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EXHIBITIONS AND NOTICES.

Octoljer 18tli, 1921.

Sir S. F. Harmer, K.B.E., Sc.D., F.R.S., Vice-President,
' in the Chair.

The Secretary read the following Report on the Additions to
the Society's Menagerie during the months of May, June, July,
August, and September, 1921 :—

May.

The registered additions to the Society's Menagerie durino- the
month of May >vere 307 in number. Of these 60 were acquired
by presentation, 206 were deposited, 18 were purchased, 11 were
received in exchange, and 12 were born in the Menagerie.
The following may be specially mentioned :

—
2 Cheetahs {Cfjncelurus jubatus), $ , from Hargeisa, Somaliland,

presented by Major E. H. Ward, R.M.A,, and Lieut. A. M.
Hutchinson on May 30th.

2 Tayras (Galera harhara) and 1 Kinkajou {Potos caudivolvulus),
from Ambalema, Colombia, presented by Henry C. Vaughan on
May 17th.

4 Crab-eating Dogs (Canis thous) and 2 White Amphisbsenas
(Amphislmvct alha), from Morro Velho, Brazil, presented by
George Chalmers, C.M.Z.S., on May 23rd.

2 Small Egyptian Jerboas {Jaculus jaculus) from Giza., 2 Large
Egyptian Jerboas [Jaculus orientalis), from Maryut, and 2 Four-
toed Jerboas [Scarturus tetradactyhis) . new to the Collection,

from Maryut, presented by the Giza Zoological Gardens on
May 21st.

June.

The registered additions to the Society's Menagerie during the
month of June were 399 in number. Of these 167 were acquired
by presentation, 123 were deposited, 11 were received in ex-
change, 52 were purchased, and 46 were born in the Menagerie.
The following may be specially mentioned :

—

2 young Lionesses (Felis leo) and one Bull Bufialo {Bos caffer),

from Naorobi, presented by Maj.-Gen. Sir E. Northey, K.C.M.G.,
on June 7th.

A collection of Mammals from Burma, including a j)fiir of
Thamin {Cervus eldi), a pair of Hog-Deer (Axis jjorcinus), a pair
of Muntjac [Muntiacus oniontjak), a Tigress (Felis tigris), and two
Burmese Pig-tailed Macaques (Macacus leonimis), received in

exchange fron the Rangoon Zoological Gardens on June 25th.
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A female Black Leopard {Felis pardus) and a Leopard-Oat

{F. beiigalensis), from Thayetmyo, Burma, presented by Mr. J. A.

P. Stuart.

3 Persian Gazelles {Gazella suhgutturosa) and a Gmelin's Sheep

{Ovis orientalis), from Persia, presented by Sir Percy Cox,

K.C.M.G., Capt. R. E. Cheesman, O.M.Z.S., and Major Daly on
3m\e 6th.

3 American Bluebirds {Sicdia sialis) and 2 Sacred Ibises (Ibis

cethiopica), bred in the Menagerie.

4 Eastern Paradise Whydah-birds (Steganura pcn'odisea ver-

reavjxi) and 4 East-African Colies (Colius affinis), both new to

the Collection, presented by Mr. W. G. Keeping.
1 Greenland Falcon (Hierofalco candicans), captured at Boncath,

Pembrokeshire, and presented by Col. Cecil Speiice Colby, C.M.G.,

D.S.O.

A large collection of North-American reptiles and batrachians,

including 10 Horrid Rattlesnakes (Grotalus horridus), 2 Copper-
heads (Ancistrodon contortrix), and 3 Mocassins {Ancistrodon

piscivorus), presented by the New York Zoological Society.

A Striped Tree-Frog {Megalixalus fornasinii), new to the

Collection, from Zanzibar, presented by Capt. W. H. Ins'rams,

F.Z.S.

July.

The registered additions to the Society's Menagerie during the

mouth of July were 180 in number. Of these 112 were acquired

by presentation, 20 were deposited, 1 was received in exchange,

21 were purchased, and 26 were born in the Menagerie.
The following may be specially mentioned :

—

A collection of Mammals and Birds including 1 Serval (Felis

served), 2 Spotted Hyaenas (Hycena crocuta), 2 Harnessed Ante-
lopes (Tragelaphus scriptus) ; 3 Collared Guinea-fowls (Xumida
meleagris), 2 Marabou Storks (Le]jioptiltLs crumeniferzis), 1 Ostrich

(Struthio camelus), 1 Black-necked Crowned Crane (Balearica

pavonina), from Gambia, presented by HE. Capt. C. H. Armitnge
on July 19th.

1 Malayan Tapir {Tapirus indicus), born on July 14th.

2 Njdghaie (Bosdaphus tragocamelus), born on July 5th.

2 Cape Hyrax (Hyrax capensis), born on July 31st.

1 Great Kanga,roo (Macropus giganteus), 1 Red Kangaroo
(Macroptis riifus), purchased on Ju]j 6th.

1 Pygni}^ Flj'ing Phalanger (Acrobates pygmcea), new to the
Collection, deposited on July 6th ; 1 Noisy Rat (BatUis vociferans),

new to the Collection, from Kuala Lumpur, presented by C. Boden
Kloss, Esq.

3 One-Streaked Hawks (Astui'imda monogrammica) from the
Northern Province of Nigeria, presented by J. R. C. Stephens on
July 25th.

4 Ostriches (Struthio camelus) from an Ostrich Farm in Tunis,

purchased on July 27th.
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August.

The registered additions to the Society's Menagerie during the
month of August were 231 in number. Of these 61 were acquired
by presentation, 42 were deposited, 5 were received in exchange,
111 were purchased, and 12 were born in the Meoagerie.
The following may be specially mentioned :

—

A collection, principally from New Guinea and Aru, obtained
by Mr. Frost, and comprising a few mammals and reptiles and
about 100 birds, including four species of Birds-of-Paradise, some
rare Doves and Parrots. The following species are new to our
Collection :—3 Orange-fronted jFruit-Pigeons {Ptilopus aurantii-

frons), 4 Stephani's Green-winged Pigeons {Chcdcophaps stephani),

1 Lesser White Goshawk [Astu7' leucosomtts), 3 Red-bellied Rails
{Eulaheornis castaneiventris), 2 Brown-billed Brush-Turkeys
{Tcdegallus fuscirostris), 1 Anaboina Ring-Parrakeet (AjirosmicUos

ainhoinensis), 8 New Guinea Terrapins {Emydura novce-guinece),

1 Striped Gecko (Gecko vittatus): purchased on August 27th.

A collection of Mammals and Birds from Para, including 2 Red
Brockets {Mazama rufa\ 2 Crab-eating Raccoons {Procyon can-
crivorus), 2 Maguari Storks {Euxenura maguari), 2 Cocoi Herons
(Ardea cocoi), 2 Scarlet Ibises (Uudocimus ruher), and others:
purchased on August 9th.

1 Lecliee Antelope (Cobus leche), and 1 Wart-Hog {Pkacochmrics
cethiopicus), from S. Africa, deposited on August 31st.

,
1 Finch-billed Bulbul (Spizixus canifrons) and 1 White-winged

Mynah {Poliop)sar nemoricola), new to the Collection, from
Yunnan, presented by J. D. La Touche, C.M.Z.S., on August
10th.

1 Nigerian Hare {Lepus canopus), new to the Collection, from
Kano, N. Nigeria, deposited on August 11th.

September.

The registered additions to the Society's Menagerie during the
month of September were 131 in number. Of these 56 were
acquired by pi-esentation, 20 were deposited, 14 were received in
exchange, 37 were purchased, and 4 were born in the Menagerie.
The following may be specially mentioned :

—
1 Abyssinian Oribi {Ourebia ouontana), from Kenya Colony,

E. Africa, deposited on September 24th.

1 Broad-billed Roller {Eurystomus crassirostris), fi'om the Aru
Islands, new to the Collection, deposited on September 13th.

Mr. M. A. C. HiNTON exhibited, and made remarks upon, an
embryo African Elephant.
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Mr. E, G. BouLENGER, F.Z.S., exhibited, and made remarks

upon, photographs of a Common Grass Snake swallowing a

Viper.

Mr. F. Martin Duncan, F.Z.S., exhibited a series of cinema-

tograph films of Marine A.nimals, and asked the Society to accept

the series for its Zoological Film Library.

Mr. D. Seth-Smith, F.Z.S., exhibited a series of photographs

of the Sacred Ibis nesting in the Society's Gardens, and said that

the last occasion on which the birds bad bred in the Gardens was
in 1877, as recorded by the late Dr. P. L. Sclater in ' The Ibis

'

(1878, ser. 4, vol. ii. p. 449).

"Prof. G. Elliot Smith, F.R.S., F.Z.S., gave an account of the

habits of Tarsius, and illustrated his remarks by a series of

photographs of living specimens which had been taken by

Mr. W. E. Le Gros Clark, F.Z.S., in Borneo.

Novemljer 8th, 1921.

Dr. A. Smith Woodward, F.R.S., Y ice-President,

in the Chair.

Mr. Edgar P. Chance, M.A., M.B.O.U., gave an account of

his investigation of the laying-liabits of the Cuckoo {Cuculus

canorus) and the life of the young Cuckoo, and illustrated his

remarks with s striking series of cinematograph films and photo-

graphs.

Noveinl)er 22iid, 1921.

Prof. E. W. MacBride, F.R.S., Vice-President,

in the Chair.

The Secretary read the following Report on the Additions

to the Society's Menagerie during the month of October, 1921 ;

—

The registered additions to the Society's Menagerie during the

month of October were 147 in number. Of these 48 were acquired

by presentation, 36 were deposited, 10 were received in exchange,

34 were purchased, and 19 were born in the Menagerie.
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The following may be specially mentioned :

—

1 Bosnian's Potto {Perodicticus poito), from Ilorin, jSTorthei-n

Provinces of Nigeria, presented by J. R. C. Stevens, Esq., on

October 16th.

2 Maholi Galagos {Galago maholi), from Pretoria, received in

exchange.

2 Snowy Owls (No/Gtea scandiaca), from Northern Baffin's Land,

presented by Henry Toke Munn, F.R.G.S., on October 8th.

1 Salvin's Razor-billed Curassow (Mitua scdvini), from Ecuador,

new to the Collection, dejDOsited on October 11th.

2 Regal Horned Lizards {Phrynosoma regale), from Arizona,

presented by E. Newitt on October 17th.

Mr. A. S. Le Souef, C.M.Z.S., exhibited, and made remarks

upon, a series of lantern-slides illustrating the early life-history

of Ornithorhynchus.

Dr. A. Smith Woodavard, F.R.S., Y.P.Z.S., exhibited, and

made remarks upon, a Human Skull and other remains from

Broken Hill, North Rhodesia, upon which he had founded the

species Homo rhodesiensis. In comparing the Rhodesian skull

with a Neanderthal skull from La Ohapelle, Dr. Smith Woodward
stated that the former may prove to be the next grade after

Neanderthal in the ascending series.

Proc. Zool. Soc—1921, No. LIX. 59





No. 220.

ABSTRACT OF THE PROCEEDINGS

OF THE

ZOOLOGICAL SOCIETY OF LONDON.*

Octolber 18tli, 1921.

Sir S. F. Harmbr, K.B.E., Sc.D., F.R.S., Vice-President,

in the Chair.

The Secretary read a Report upon the Additions to the

Society's Menagerie during the months of June, July, August,
and September, 1921.

Mr, M. A. 0. HiNTON exhibited, and made remarks upon, an
embryo African Elephant.

Mr. E. G. BouLENGER, F.Z.S., exhibited, and made remarks
upon, photographs of a Common Grass-Snake swallowing a

Viper.

Mr. F. Martin Duncan, F.Z.S., exhibited a series of cinemato-
graph films of Marine Animals, and asked the Society to accept

the series for its Zoological Film Library.

Mr. D. Seth-Smith, F.Z.S., exhibited a series of photographs
of the Sacred Ibis nesting in the Society's Gardens, and said that

the last occasion on which the birds had bred in the Gardens was
in 1877, as recorded by the late Dr. P. L. Sclater in ' The Ibis

'

(1878, ser. 4, vol. ii. p. 449).

* This Abstract is published by the Society at its offices, Zoological Gardens,
Regent's Park, N.W., on the Tuesday following the date of Meeting to which
it refers. It will be issued, along with the 'Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications ; but it may be obtained on the

day of publication at the price of Sixpence, or, if desired, sent post-free for

the sum of Six Shillings per annum, payable in advance.



Prof. G. Elliot Smith, F.R.S., F.Z.S., gave an account of the

habits of Tarsms, and illustra,ted his reniai'ks by a series of

photographs of living specimens which had been taken by
Mr. W. E. Le Gros Clark, F.Z.S., in Borneo.

In the absence of Mr. Stanley Hiest, F.Z.S., a resuvie of his

paper " On some new Pai'asitic Mites," wa,s given by Prof. S.

Maulik, F.Z.S.

In the absence of the Anthor, Prof. J. Playfaib McMukrich's
paper " Note on the Systematic Position and Distribution of

the Actinian, Sagartia lucice," was taken as read.

The next Meeting of the Society for Scientific Business will be

held on Tuesday, November 8th, at 5.30 p.m., when the following

coinmunications will be made :

—

Edgar P. Chance, M.A., M.B.O.U.

The Laying-habits of the Cuckoo {Cuculus can07'us) and the

Life of the young Cuckoo.

W. Rae Sherriffs, M.A., D.Sc.

Evolution within . the Genus.—Part I. Dendronephihya
[Spongodes), with Descriptions of a Number of Species.

Part II. Description of Species (Alcyonaria) taken by the
' Siboga ' Expedition.

Dr. Chas. F. Sonntag, F.Z.S.

The Comparative Anatomy of the Tongues of the Mam-
malia.—V. Lemuroidea and Tarsioidea. VI. Summary and
Classification of the Tongues of the Primates.

R. I. PococK, F.R.S., F.Z.S .

The External Characters and Classification of the Mustelidae,
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The following Papers have been received :

—

Chas. F. Sonntag, M.D., F.Z.S.

Contributions to the Visceral Anatomy and Myology of the

Marsupialia.

C. W. HoBLEY, O.M.G., C.M.Z.S.

The Fauna of East Africa and its Future.

H. Matsumoto.

Megalohyrax Andrews and Titanohyrax, g. n.—-A Revision

of the Genera of Hyracoids from the Fayum, Egypt.

The Publication Committee desire to remind Fellows

that it is only by courtesy that they are allowed to

bring guests to a Scientific Meeting. For the present

no Fellow can be permitted to bring more than one

guest to a Meeting.

The Publication Committee desire to call the attention of

those who propose to offer Papers to the Society, to the great

increase in the cost of paper and printing. This will render it

necessary for the present that papers should be condensed and

be limited so far as possible to the desci-iption of new results.

Communications intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W. 8.

October 2bth, 192L
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canorus) and the Life of the young Cuckoo, and illustrated his

remarks Avith a striking series of cinematograph films and photo-

graphs.

The next Meeting of the Society for Scientific Business will

be held on Tuesday, November 22nd, at 5.30 p.m., when the

following communications will be made :

—

Dr. A. Smith Woodward, Y.P.Z.S., F.R.S.

Exhibition of a Fossil Human Skull from Broken Hill,

North Rhodesia.

Chas. F. Sonntag, M.D., F.Z.S.

Contributions to the Visceral Anatomy and Myology of the

Marsupialia

.

C. W. HoBLEY, C.M.G., C.M.Z.S.

The Fauna of East Africa and its Future.

H. Matsumoto.

Megalohyracc Andrews and Titanohyrax, g. n.—A Revision

of the Genera of Hyracoids from the Fayum, Egypt.

The following Paper has been received :

—

J. Stephenson, D.Sc, F.Z.S.

Contributions to the Morphology, Classification, and Zoo-

geography of Indian Oligochseta :

—

lY. On the difi'use Production of Sexual Cells in a Species

of Ghcetogaster (Fam. Naididse).

V. On Drawida japonica (Michlsn.), a Contribution to the

Anatomy of the Moniligastridae.

VI. On the Relationships of the Genera of Moniligastridse

;

with some Considerations on the Origin of Terrestiial Oligo-

chseta.
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upon, a series of lantern-slides illustrating the early life-histoiy

of Ornithorhynchus.

Dr. A. Smith Woodward, F.R.S., Y.P.Z.S., exhibited, and
made remarks upon, a Human Skull and other remains from
Broken Hill, North Rhodesia, upon which he had founded th&
sjDecies Homo rhodesiensis. In comparing the Rhodesian skull

with a Neanderthal skull from La Chapelle, Dr. Smith Woodward
stated that the former may prove to be the next grade after
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it refers. It will be issued, along with the ' Proceedings,' free of extra charge,

to all Fellows who subscribe to the Publications; but it may be obtained on the
day of publication at tiie price of Sixpence, or, if desired, sent post-free for

the sum of Six ShiUivgs per annum, payable in advance.
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Dr. Chas. F. Sonntag's paper " Contributions to the Visceral

Anatomy and Myology of the Marsupialia," and Prof. H. Mat-
fsUMOTo's papei' on " Megalohyrax Andrews and Titanohyrax.,

g, n.—A Revision of the Genera of Hyracoids from the Fayiim,

Egypt," were taken as read.

The next Meeting of the Society for Scientific Business will

he held on Tuesday, February 7th, 1922, at 5.30 p.m.

A notice stating the Agenda for that Meeting will be circulated

in January.

The following Papers have been received :

—

J. Stephexson, D.Sc, F.Z.S.

Contribution to the Morphology, Classification, and Zoo-
geography of Indian Oligochseta :

—

IV. On the diifuse Production of Sexual Cells in a Species

of Ghcetogaster (Fam. Naididee).

V. On Draioida japonica (Michlsn.), a Contribution to the

Anatomy of the Moniligastridse.

VI. On the Relationships of the Genera of Moniligastridse

;

with some Considerations on the Origin of Terrestrial Oligo-

chseta.

R. Broom, D.Sc, F.R.S., C.M.Z.S.

On the Temporal Arches of the Reptilia.

The Publication Committee desire to remind Fellows

that it is only by courtesy that they are allowed to

bring guests to a Scientific Meeting. For the present

no Fellow can be permitted to bring more than one

guest to a Meeting.
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The Puljlieation Committee desire to call tlie attention of

those who propose to offer Papers to the Society, to the great

increase in tlie cost of paper and printing. This will render it

necessary for the present that papers should be condensed, and
be limited so far as possible to the description of new results.

Communicfttions intended for the Scientific Meetings should

be addressed to

P. CHALMERS MITCHELL,
Secretary.

Zoological Society of London,

Regent's Park, London, N.W. 8.

Xovemher I'^tli, 1921.
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